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ABSTRACT 
This report presents the findings and recommendations result- 
ing from a study of limited life components of the types used in 
the Saturn booster stages. Management methods and techniques for 
extending component life or recertifying limited lifecomponente for 
flight are discussed. 
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I .  INTRODUCTION 
A .  PURPOSE OF STUDY 
The purpose  of phase  I1 of t h e  S t o r a g e  Requirements Study was 
t o  recommend t o  NASA~MFSC a  management program i n c l u d i n g  sugges ted  
t e c h n i q u e s  t o  d e f i n e .  moni to r ,  and c o n t r o l  l i f e  l i m i t e d  i t e m s .  
The s c o p e  and  r e s p o n s i b i l i t i e s  of  t h e  s u g g e s t e d  management program 
a r e  d e f i n e d .  
To p r o v i d e  t h e  n e c e s s a r y  background i n f o r m a t i o n  and d e p t h  of 
s t u d y ,  comprehensive s u r v e y s  of  l i t e r a t u r e ,  government a g e n c i e s ,  
a e r o s p a c e  c o n t r a c t o r s ,  and component manufac tu re r s  were conduc ted .  
The d e p t h  of t h e  s u r v e y s  a s s u r e d  s a l i e n t  recommendations f o r  a  
t e c h n i c a l l y  f e a s i b l e  and e f f i c i e n t  program f o r  t h e  e v a l u a t i o n  and /  
o r  r e c e r t i f i c a t i o n  of  space  system hardware l i f e .  
No s p e c i f i c  c o n c l u s i o n s  o r  recommendations a r e  p r e s e n t e d  con-  
c e r n i n g  l i f e  l i m i t s  f o r  s p e c i f i c  c a t e g o r i e s  of  hardware o r  i n d i -  
v i d u a l  components. 
B. BACKGROUND 
The A p o l l o I S a t u r n  program was o r i g i n a l l y  conceived and sched-  
u led  t o  fo l low a  p a t t e r n  o f  b u i l d - t e s t - l a u n c h .  No major  p e r i o d s  
o f  s t o r a g e  were a n t i c i p a t e d  and s t o r a g e  requ i rements  were on ly  an  
i n c i d e n t a l  p a r t  of  t h e  v a r i o u s  systems and components. 
As  a  r e s u l t  of  s e v e r a l  f a c t o r s ,  i t  became a p p a r e n t  t h a t  some 
completed s t a g e s  of  t h e  S a t u r n  l aunch  v e h i c l e  would have t o  be 
p laced  i n  s t o r a g e  f o r  a s  long  a s  3 t o  5 y e a r s .  
Phase I of  t h i s  s t u d y  was performed t o  p r o v i d e  i n f o r m a t i o n  t o  
suppor t  development o f  s t o r a g e  requ i rements  f o r  t h e  Sa tu rn  l aunch  
v e h i c l e  s t a g e s .  The r e p o r t  c o v e r i n g  phase  I ,  A Study of  S t o r a g e  
Technology f o r  Var ious  Launch Veh ic le  Systems,  MCR-68-329, was 
i s s u e d  d u r i n g  October 1968. The problem o f  l i m i t e d  l i f e  hardware 
exceeding l i m i t s  because  of s t o r a g e  o r  s t o r a g e  r e l a t e d  a c t i v i t y  
was d i s c u s s e d  o n l y  i n  g e n e r a l  terms i n  t h a t  r e p o r t .  However, two 
problem a r e a s  p l u s  one p o t e n t i a l  problem were  e v i d e n t :  
1) Hardware included on e x i s t i n g  l i s t s  as  " l i f e  l imited" 
would i n  some cases ,  exceed t h e  s t a t e d  l i m i t s  dur ing  
s torage .  The v a l i d i t y  of t h e  s t a t e d  l i m i t s  was ques- 
t ioned i n  c e r t a i n  c a s e s ;  
2) No general  program had been developed fo r  reclaiming 
or  r e c e r t i f y i n g ,  fo r  f l i g h t ,  components t h a t  had ex- 
ceeded l i f e  l i m i t s ;  
3) Storage of assembled s t ages  f o r  periods of 3 t o  5 years  
might degrade performance i n  components not  p re sen t ly  
included on the  l imi t ed  l i f e  l i s t s .  
Phase I1 of t h e  space v e h i c l e  s to rage  s tudy was defined t o  i n -  
v e s t i g a t e  these  problems. 
A t  NASAIMSFC a committee was formed t o  se rve  a s  a  c e n t r a l  
source fo r  developing and adminis te r ing  t h e  program t o  determine 
and extend component l i f e .  This committee, e n t i t l e d  MSFC Compon- 
e n t  L i f e  Committee, c o n s i s t s  of 20 members, and inc ludes  represen-  
t a t i v e s  of a l l  of the  S&E labora to r i e s  and cognizant  program man- 
agement groups. Mr .  J. E. Kingsbury (S&E-ASTN-DIR) i s  chairman and 
M r .  K. E.  Riggs (S&E-ASTN-XPS) i s  t h e  executive s e c r e t a r y  of t h e  
committee. 
C . STUDY METHODS 
1. General Approach 
The methods used t o  accomplish the  l imi t ed  l i f e  component s t u -  
dy were t h e  same a s  those  used during t h e  v e h i c l e  s to rage  techno- 
logy study performed a s  Phase I of t h i s  c o n t r a c t .  Information and 
data  were gathered from t h e  document l i b r a r y  accumulated during 
Phase I ,  from documents obtained a s  t h e  r e s u l t  04 a d d i t i o n a l  da ta  
searches ,  from a survey of government agencies  and aerospace con- 
t r a c t o r s  and s u p p l i e r s ,  and from a d d i t i o n a l  documents obtained du- 
r i n g  t h e  course of the  survey. 
The information was reviewed, c o r r e l a t e d ,  and evaluated to:  
1)  Develop a  proposed management approach based on t h e  
b e t t e r  f e a t u r e s  of systems c u r r e n t l y  i n  use;  
2 )  Evaluate techniques of determining and extending COT- 
ponent l i f e ;  
3)  Compare l i f e  l i m i t s  imposed on Saturn components with 
those imposed on s i m i l a r  components of o ther  v e h i c l e  
systems; 
4) Provide genera l  information on component l i f e  fo r  a l l  
c a t e g o r i e s  of hardware used on a  booster  v e h i c l e .  
2 .  Document Library 
During Phase I approximately 150 documents were accumulated 
r e l a t i n g  t o  s to rage  of space v e h i c l e s .  Many of these  documents 
a l s o  contained information r e l a t i n g  t o  component l i f e .  The addi-  
t i o n a l  da ta  searches and survey con tac t s  produced over 130 docu- 
ments which have been added t o  our l i b r a r y .  Appendix A l i s t s  t h e  
r e fe rence  documents used dur ing  prepara t ion  of t h i s  r e p o r t  and 
provides a  s e l e c t e d  bibl iography of o ther  p e r t i n e n t  documents ob- 
ta ined  during the  s tudy.  
3 .  Survey 
The survey por t ion  of t h e  s tudy included a  wide v a r i e t y  of 
con tac t s  wi th  Army ordnance, A i r  Force l o g i s t i c ,  and Navy a v i a t i o n  
agencies;  system con t rac to r s  fo r  s e v e r a l  a c t i v e  launch v e h i c l e  
or  m i s s i l e  systems; NASA con t rac to r s  (bo th  Saturn and Apollo);  
manufacturers i n  seve ra l  ca t egor i e s  of v e h i c l e  subsystems and 
components; and an a i r l i n e  maintenance f a c i l i t y .  A t o t a l  of 40 
survey v i s i t s  was made over a  4-month period.  A s  i n  Phase I,  a  
ques t ionnai re  was prepared and d i s t r i b u t e d  i n  advance t o  i d e n t i f y  
the  s p e c i f i c  a reas  of i n t e r e s t  t o  each organiza t ion  being surveyed. 
A copy of t h e  ques t ionnai re  may be found i n  Appendix B .  
Each organiza t ion  was v i s i t e d  by a  team c o n s i s t i n g  of two mem- 
bers  of the  Martin Mar ie t t a  s tudy group, and one or  more members 
of t h e  NASAIMSFC Component L i f e  Committee. Within one week a f t e r  
each interview a  r e p o r t  was prepared and submitted t o  t h e  commit- 
t e e .  Appendix C inc ludes  copies  of t hese  r e p o r t s .  
11. SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS 
This  c h a p t e r  p r e s e n t s  a  summary of  t h e  c o n c l u s i o n s  reached  and 
t h e  recommendations made a s  a  r e s u l t  of  t h e  s t u d y .  The s t a t e d  
o b j e c t i v e s  of  t h e  s t u d y  were:  
1 )  Def ine  a s  many d i f f e r e n t  sys tems f o r  component l i f e  
e v a l u a t i o n  a s  can  be  i d e n t i f i e d .  Methods, e f f e c t i v e -  
n e s s  and c o s t  of  each sys tem s h a l l  be e v a l u a t e d ;  
2 )  Develop and d e f i n e  p r a c t i c a l  and e f f i c i e n t  t e c h n i q u e s  
f o r  u t i l i z a t i o n  of  e x i s t i n g  d a t a  t o  a c c u r a t e l y  e s t i m a t e  
extended s h e l f  l i f e  o f  s p a r e  components and assembled 
f l i g h t  o r  space  sys tems;  
3) I n v e s t i g a t e  and d e f i n e  p r a c t i c a l  methods f o r  d e t e r m i n -  
i n g  t h e  minimal t e s t i n g  o r  o t h e r  methods r e q u i r e d  t o  
r e c e r t i f y  components and sys tems t h a t  exceed t h e i r  
d e s i g n a t e d  s h e l f  l i f e ;  
4 )  I d e n t i f y  s p e c i f i c  t y p e s  o f  hardware o r  p h y s i c a l  param- 
e t e r s  t h a t  p r e v e n t  a  v a l i d  d e t e r m i n a t i o n  of s h e l f  
l i f e .  
The c o n c l u s i o n s  and recommendations p r e s e n t e d  h e r e  s a t i s f y  
t h e  o b j e c t i v e s  and answer r e l a t e d  q u e s t i o n s  which a r o s e  d u r i n g  
t h e  c o u r s e  of  t h e  s t u d y .  A l l  d e t a i l s  and s u p p o r t i n g  i n f o r m a t i o n  
may be  found i n  subsequen t  c h a p t e r s  o r  append ices  of  t h i s  r e p o r t .  
A .  CONCLUSIONS 
Component l i f e  c o n t r o l  h a s  been a  way o f  l i f e  i n  m i l i t a r y  and 
s u p p o r t i n g  a e r o s p a c e  o r g a n i z a t i o n s  f o r  many y e a r s .  Because 
m i l i t a r y  hardware u s u a l l y  r e q u i r e s  s t o r a b i l i t y  and l o n g  l i f e ,  
v a r i o u s  systems have evolved t o  a s s u r e  and moni to r  t h e s e  f a c t o r s .  
NASA has  had l i t t l e  r e a s o n  f o r  concern  a b o u t  component l i f e  and 
u n t i l  r e c e n t l y  no a p p a r e n t  e f f o r t  h a s  been made t o  c o o r d i n a t e  
c o n t r a c t o r  e f f o r t s  i n  t h i s  a r e a .  The S a t u r n - s t a g e  c o n t r a c t o r s  a r e  
n o t  c o n s i s t e n t  i n  t h e i r  t r e a t m e n t  o f  c o n t r o l l e d  l i f e  components. 
It appears  t h a t  t h e  p r i n c i p a l  f a c t o r  i s  t h e  d i f f e r e n t  sys tems 
used .  Each c o n t r a c t o r  h a s  used h i s  own approach t o  t h e  few s i t u a -  
t i o n s  which have a r i s e n  r e s u l t i n g  i n  i n c o n s i s t e n t  t r e a t m e n t  of 
c o n t r o l l e d  l i f e  components. 
A l l  o r g a n i z a t i o n s  surveyed employed sys tems f o r  m o n i t o r i n g  
l i m i t e d  l i f e  i t e m s  and e x t e n d i n g  component l i f e .  These systems 
a r e  d e f i n e d  i n  Chapter  I V .  The sys tems u s e  one o r  more of  t h e  
f o l l o w i n g  methods t o  e v a l u a t e  and ex tend  component l i f e :  
1 )  T e s t i n g  - ( t h e  most  w i d e l y  accep ted  t e c h n i q u e ) ;  
2 )  S u r v e i l l a n c e  - ( g e n e r a l l y  used w i t h  medium t o  l a r g e  
component p o p u l a t i o n s ) ;  
3 )  Refurbishment  - ( g e n e r a l l y  used when c a p a b i l i t y  e x i s t s  
and c o s t  c r i t e r i a  a r e  m e t ) ;  
4 )  I n s p e c t i o n  - ( a c c e p t e d ,  u s u a l l y  i n  combinat ion w i t h  
o t h e r  c o n c e p t s ) ;  
5 )  A n a l y s i s  - (accep ted  by many o r g a n i z a t i o n s ,  b u t  o f t e n  
on ly  i n  combinat ion w i t h  1 )  above) ;  
6)  S i m i l a r i t y  - (accep ted  by some o r g a n i z a t i o n s  su rveyed ,  
d e f i n i t i o n  of  concep t  v a r i e d ) ;  
7)  Waiver - ( o f t e n  used f o r  s h o r t - t e r m  e x t e n s i o n s  of 
i n s t a l l e d  hardware t o  meet t e s t  o r  launch s c h e d u l e s ) .  
These methods a r e  d e f i n e d  i n  Chap te r  V.  
S u r v e i l l a n c e ,  a n a l y s i s ,  s i m i l a r i t y ,  and wa iver  methods o f t e n  
u t i l i z e  i n s p e c t i o n  r e c o r d s ,  t e s t  d a t a ,  f a i l u r e  a n a l y s i s  r e c o r d s  
and o t h e r  e x i s t i n g  d a t a  t o  e s t i m a t e  and extend component l i f e .  
A l a c k  of c o n s i s t e n t  terminology caused some d i f f i c u l t y  i n  
e v a l u a t i n g  t h e  v a r i o u s  approaches  used .  
An e v a l u a t i o n  of  t h e  c o s t  of  t h e  sys tems d e f i n e d  was n o t  
p o s s i b l e  because  c o s t  d a t a  was n o t  a v a i l a b l e  from t h o s e  surveyed.  
The on ly  c o s t  i n f o r m a t i o n  provided had t o  do w i t h  r e f u r b i s h m e n t  
c o s t s .  
C o n t r a c t o r  component l i f e  c--'--I sys tems a r e  sometimes a c t i v e  
a s  e a r l y  a s  t h e  d e s i g n  phase .  ruu rurmal'design g u i d e l i n e s  o r  a i d s  
were  found d u r i n g  t h e  su rvey .  Rather  t h e  c o n t r o l  sys tem was a n  
a p p r o v a l  of  t h e  d e s i g n  o r  r e q u e s t  f o r  change t o  improve l i f e  
c h a r a c t e r i s t i c s .  
M i l i t a r y  component c o n t r o l  i s  u s u a l l y  concerned w i t h  a  l a r g e  
p o p u l a t i o n .  S u r v e i l l a n c e  programs and t e s t i n g  of  aged samples 
a r e  o f t e n  used t o  s u p p o r t  l i f e  e x t e n s i o n  d e c i s i o n s ,  and o v e r h a u l  
o r  r e f u r b i s h m e n t  i s  used whenever p r a c t i c a l  t o  m a i n t a i n  a  s t o c k  
o f  u s a b l e  components. 
I n i t i a l  component l i f e  a s s ignments  t end  t o  be c o n s e r v a t i v e  
because  they  o f t e n  r e f l e c t  s p e c i f i c a t i o n  o r  program requ i rements  
r a t h e r  than  a c t u a l  hardware c a p a b i l i t y .  
During t h e  s t u d y  i n t e r v i e w s ,  no s p e c i f i c  type  of  hardware o r  
p h y s i c a l  pa ramete r s  t h a t  p r e v e n t  a  v a l i d  d e t e r m i n a t i o n  o f  l i f e  
were  i d e n t i f i e d .  
Although t h e r e  a r e  a  few i n c o n s i s t e n c i e s  between s t a g e s ,  most 
of  t h e  l i f e  l i m i t s  s p e c i f i e d  f o r  S a t u r n  components appear  t o  be 
i n  l i n e  w i t h  a e r o s p a c e  i n d u s t r y  p r a c t i c e .  It i s  p o s s i b l e  t o  
extend t h e  l i m i t s  i n  some i n s t a n c e s  u s i n g  t h e  t echn iques  d e s c r i b e d  
i n  t h i s  r e p o r t .  I n  many c a s e s ,  r e c e r t i f i c a t i o n  t e c h n i q u e s  can  
r e e s t a b l i s h  f l i g h t  w o r t h i n e s s .  
The NASA/MSFC s t a n d a r d  f o r  age  l i m i t s  of  e l a s t o m e r s  (MSFC-STD- 
105) i s  more l i b e r a l  than  t h e  handbooks and s t a n d a r d s  used f u r  
m i l i t a r y  programs and some o t h e r  NASA i n s t a l l a t i o n s .  However, 
t h e  su rvey  i n d i c a t e d  t h a t  most components m a n u f a c t u r e r s ,  c o n t r a c -  
t o r s ,  and u s i n g  a g e n c i e s  f e e l  t h a t  a  more l i b e r a l  approach i s  
j u s t i f i e d  and p r e f e r r e d .  
B .  RECOMMENDATIONS 
An o r g a n i z a t i o n  f o r  s i n g l e  p o i n t  c o n t r o l  should  be e s t a b l i s h e d  
by NASAfMSFC t o  c o o r d i n a t e  and c o n t r o l  programs i n v o l v i n g  c a l e n -  
d a r  l i f e  and o p e r a t i n g  l i f e  of  components. The Component L i f e  
Committee, r e c e n t l y  o r g a n i z e d ,  s a t i s f i e s  t h i s  recommendation. 
The committee should  be  g i v e n  t h e  n e c e s s a r y  a u t h o r i t y  t o :  
1 )  Obta in  a  c o n s i s t e n t  approach t o  l i m i t e d  l i f e  compo- 
n e n t s  program; 
2 )  Obta in  s u p p o r t  a s  r e q u i r e d  t o  accomplish  programs t o  
e s t a b l i s h  e x t e n s i o n  of l i m i t s  o r  r e c e r t i f i c a t i o n  r e -  
q u i r e m e n t s ;  
3) Requ i re  compl iance  w i t h  d e c i s i o n s  concern ing  l i f e  ex -  
t e n s i o n  o r  r e c e r t i f i c a t i o n ;  
' 4 )  O b t a i n  d a t a  r e q u i r e d  t o  moni to r  l i f e  l i m i t e d  components; 
5 )  Assure  t h a t  f u t u r e  MSFC programs i n c l u d e  adequa te  s y s -  
tems o f  component l i f e  c o n t r o l  i n c l u d i n g  a g i n g  modes 
and e f f e c t s  a n a l y s i s  (AMEA) a t  t h e  d e s i g n  s t a g e .  
A sugges ted  sequence of  committee a c t i v i t y  i s  p r e s e n t e d  i n  Chap- 
t e r  I V  of t h i s  r e p o r t .  
Some l o g i c a l  sequence of  terms and d e f i n i t i o n s  shou ld  b e  e s -  
t a b l i s h e d  and r e q u i r e d  f o r  u s e  by MSFC c o n t r a c t o r s .  A sugges ted  
sequence of terminology and d e f i n i t i o n s  i s  p r e s e n t e d  i n  Chap te r  
111. 
A mechanized system should  be e s t a b l i s h e d  f o r  h a n d l i n g  com- 
ponent l i f e  d a t a ,  and c o n t r o l l i n g  r e q u i r e d  rep lacement , re furb ishment ,  
r e t e s t i n g ,  o r  o t h e r  a c t i o n s .  
Component r e c e r t i f i c a t i o n  r e q u i r e m e n t s  shou ld  be  e s t a b l i s h e d  
t o  r e l a t e  t o  t h e  a c t i o n  t aken  on t h e  component: 
1) I f  t h e  component i s  r e f u r b i s h e d ,  a c c e p t a n c e  l e v e l  t e s t  
i s  u s u a l l y  r e q u i r e d ;  
2 )  I f  a d j u s t e d  o r  c a l i b r a t e d ,  t h e  pa ramete r s  invo lved  
should  be c e r t i f i e d  and a  component f u n c t i o n a l  t e s t  
r u n ;  
3) Minimum r e c e r t i f i c a t i o n  should  i n c l u d e  a  f u n c t i o n a l  
t e s t  of  t h e  i t em.  
Over-age i t e m s  t h a t  canno t  be r e c e r t i f i e d ,  o r  c a n n o t  be  
r e f u r b i s h e d  should  be  r e t a i n e d  f o r  t e s t  programs t o  ex tend  o r  
v e r i f y  t h e  imposed age l i m i t .  Cos t  g u i d e l i n e s s h o u l d  be e s t a b -  
l i s h e d  concern ing  d i s p o s i t i o n  of components whose l i f e  h a s  ex-  
p i r e d .  The sugges ted  l i m i t  f o r  r e f u r b i s h  and r e c e r t i f i c a t i o n  i s  
65% of  r ep lacement  c o s t .  The g u i d e l i n e  must  be f l e x i b l e  t o  t a k e  
c a r e  of  a v a i l a b i l i t y  o r  o t h e r  problems. It i s  a l s o  sugges ted  t h a t  
components t o  be r e f u r b i s h e d  have a  minimum v a l u e  o f  $500. 
Cos t  e f f e c t i v e n e s s  r e v i e w s  should  be  made f o r  a l l  components 
c a p a b l e  of b e i n g  r e f u r b i s h e d  and r e c e r t i f i e d .  
111. TERMINOLOGY 
A. DISCUSSION 
The c o n t r a c t  s t a t e m e n t  o f  work c o v e r i n g  t h i s  s t u d y  c a l l s  f o r  a  
s t u d y  of " . . .hardware  s h e l f  l i f e . "  The s t a t e m e n t  o f  work goes  on 
t o  s a y  " I n  t h e  c o n t e x t  of  t h i s  s t u d y ,  t h e  t e rm,  ' S h e l f  L i f e ' ,  i s  
a p p l i e d  t o  t h e  s t a t u s  o f  i t e m s  s t o r e d  i n  p l a c e ,  on  v e h i c l e s ,  o r  on 
components, o r  i n  subsys tems ,  e t c ;  n o t  j u s t  t o  i t e m s  ' o n  t h e  s h e l f ' . "  
I t  was a p p a r e n t  a t  t h e  o u t s e t  t h a t  a d d i t i o n a l  t e rmino logy  was 
needed t o  cover  t h e  v a r i o u s  a s p e c t s  of  hardware  l i f e  t o  be s t u d i e d .  
I n  a d d i t i o n ,  d u r i n g  t h e  su rvey  i n t e r v i e w s  i t  was d i s c o v e r e d  t h a t  
t h e r e  i s  v e r y  l i t t l e  c o n s i s t e n c y  between o r g a n i z a t i o n s  c o n c e r n i n g  
t h e  d e f i n i t i o n s  o f  t h e  t e rmino logy ,  and,  i n  f a c t ,  a t  l e a s t  two c a s e s  
were obse rved  where t h e  d e f i n i t i o n s  were n o t  c o n s i s t e n t  w i t h i n  o r -  
g a n i z a t i o n s .  
W r i t t e n  d e f i n i t i o n s  were e x t r a c t e d  from documents o b t a i n e d  from 
17 o r g a n i z a t i o n s .  Common usage  d e f i n i t i o n s  were o b t a i n e d  from two 
o t h e r  s o u r c e s .  Over 30 d i f f e r e n t  terms r e l a t i n g  t o  component l i f e  
were d e f i n e d  i n  t h e s e  sources .  F i f t e e n  t e rms  were e n c o u n t e r e d  i n  
two o r  more s o u r c e s ,  a l t h o u g h  t h e  d e f i n i t i o n s  were n o t  a lways  s i m i -  
l a r .  T h i r t e e n  terms r e l a t i n g  t o  t e s t  and r e c e r t i f i c a t i o n  a c t i v i -  
t i e s  were d e f i n e d .  
Two examples o f  t h e  d i f f i c u l t y  i n  a s s u r i n g  o u r s e l v e s  t h a t  we 
unders tood  t h e  terms used d u r i n g  t h e  su rvey  i n t e r v i e w s  a r e  p r e s -  
e n t e d  below. 
1. Component L i f e  
The f o l l o w i n g  terms were used by v a r i o u s  o r g a n i z a t i o n s  t o  d e -  
f i n e  component l i f e .  The number i n d i c a t e s  t h e  number o f  o r g a n i z a -  
t i o n s  which used each term. 
S h e l f  L i f e  ( 1 2 )  I n s t a l l e d  L i f e ,  O p e r a t i n g  (1)  
Ca lendar  L i f e  ( 4 )  I n s t a l l e d  L i f e ,  Nonopera t ing  ( 1 )  
Assembly L i f e  ( 2 )  U s e f u l  L i f e  (2 )  
S e r v i c e  L i f e  ( 2 )  Design L i f e  (1 )  
S t o r a g e  L i f e  (2)  Use L i f e  ( 1 )  
I n s t a l l a t i o n  L i f e  (3) O p e r a t i o n a l  L i f e  ( 1 )  
I n s t a l l e d  L i f e  ( 3 )  
2 .  S h e l f  L i f e  
The f o l l o w i n g  d e f i n i t i o n s  a r e  t h o s e  encoun te red  f o r  t h e  term 
" s h e l f  l i f e " :  
1 )  Two o r g a n i z a t i o n s  s t a t e d  t h a t  " s h e l f  l i f e "  was used t o  
d e s c r i b e  m a t e r i a l s  o r  components i n  s h e l f - t y p e  s t o r a g e .  
2 )  "Shel f  l i f e  s h a l l  be t h e  t ime span . . .  t h a t  i t e m  i s  a c t u -  
a l l y  s t o r e d  a t  a  ... f a c i l i t y .  T h i s  span  o f  t ime s h a l l  
b e g i n  w i t h  e i t h e r  Date o f  Manufac tu re  (DOM) o f  a  mate- 
r i a l  a t  t h e  v e n d o r ' s  f a c i l i t y  o r  D a t e  o f  R e c e i p t  o f  a  
m a t e r i a l  a t  a  ... f a c i l i t y .  I n  a l l  c a s e s ,  s h e l f  l i f e  
s h a l l  end w i t h  d a t e  o f  assembly of a  m a t e r i a l  i n t o  de- 
l i v e r a b l e  e n g i n e e r i n g  hardware.  For  a l l  r u b b e r  o r  e l a s -  
tomer ic  m a t e r i a l s ,  c u r e  d a t e  s h a l l  be r e g a r d e d  a s  K I M .  
" I f  t h e  s h e l f - l i f e  pe r iod  o f  a n  i t e m  e x p i r e s  w h i l e  be- 
i n g  s t o r e d  a t  a  ... f a c i l i t y ,  t h e  i t e m  s h a l l  be e i t h e r  
sc rapped  o r  f u r t h e r  d i s p o s i t i o n e d  i n  accordance  w i t h  
. . . . I q  (Ref 1 ) .  ( S e v e r a l  a d d i t i o n a l  o r g a n i z a t i o n s  i n -  
d i c a t e d  t h a t  s h e l f  l i f e  was o n l y  a p p l i e d  t o  m a t e r i a l  o r  
p i e c e  p a r t s  p r i o r  t o  assembly i n t o  components.) 
3)  " S h e l f  L i f e  - t h e  maximum p e r i o d  of t ime from d a t e  of 
c u r e ,  manufacture ,  o r  assembly t h a t  an  i t e m  can remain  
unused i n  s t o r a g e  b e f o r e  b e i n g  r e c o n d i t i o n e d  o r  con- 
demned." (Ref 2 ) .  
& )  "The s h e l f  l i f e  i s  d e f i n e d  a s  t h a t  p e r i o d  o f  t ime t h e  
i t e m  i s  s t o r e d  from c u r e  d a t e  t o  i n s t a l l a t i o n  d a t e  o r  
t o  e x p i r a t i o n  o f  t h e  expec ted  s h e l f  l i f e  whichever oc- 
c u r s  f i r s t . "  (Ref 3 ) .  
5) " ' S h e l f  L i f e '  s p e c i f i e s  t h e  minimum p e r i o d  o f  (compo- 
n e n t )  s t o r a g e  l i f e ,  d u r i n g  which i t  remains  i n  a  r eady-  
f o r - i n s t a l l a t i o n  s t a t u s .  S h e l f  l i f e  i s  s p e c i f i e d  sep-  
a r a t e l y  from s t o r a g e  l i f e  i n  o r d e r  t h a t  a  d i s t i n c t i o n  
can  be made between l e v e l s  o f  maintenance .  
" G e n e r a l l y  speak ing ,  maintenance  i n t e r v a l s  a s s o c i a t e d  
w i t h  s h e l f  l i f e  r e p r e s e n t  t h e  maximum t ime  a n  i t e m  can 
remain  i n  s t o r a g e  p r i o r  t o  i n s t a l l a t i o n  a s  a  f l i g h t -  
wor thy component wi thou t  f i r s t  undergoing a  r e v a l i d a -  
t i o n  test.  The S h e l f  L i f e  maintenance  requ i rement  i s  
n o t  mandatory i f  t h e  i t e m  i s  n o t  t o  be ma in ta ined  i n  
t h e  r e a d y - f o r - i n s t a l l a t i o n  s t a t u s . "  (Ref 4) .  
6) "She l f  L i f e  - t h e  ti-me t h a t  an  i t e m  o r  m a t e r i a l  c a n  be 
s t o r e d  w i t h o u t  d e g r a d a t i o n  o f  performance.  T h i s  d e f i -  
n i t i o n  a p p l i e s  o n l y  t o  i t e m s  c o n t a i n i n g  c a l e n d a r - a g e  
s e n s i t i v e  m a t e r i a l . "  (Ref 5) .  
7 )  "Shel f  l i f e  l i m i t  i s  d e f i n e d  a s  t h e  maximum c a l e n d a r  
t ime  which a n  equipment can  a c c r u e  w i t h o u t  r i s k  o f  deg- 
r a d a t i o n  o f  performance beyond a c c e p t a b l e  l i m i t s . "  
(Ref 6 ) .  
B.  RECOMMENDED DEFINITIONS 
A r ev iew was made o f  a l l  o f  t h e  terms and d e f i n i t i o n s  and o f  
t h e  sequences  o f  t e rmino logy  used by s e v e r a l  o r g a n i z a t i o n s .  The 
d e f i n i t i o n s  p r e s e n t e d  i n  t h i s  s e c t i o n  p rov ide  a  l o g i c a l  sequence  
o f  te rms f o r  a component l i f e  program. These d e f i n i t i o n s  w i l l  
a p p l y  t o  t h e  t e rmino logy  used i n  t h e  f o l l o w i n g  c h a p t e r s  o f  t h i s  
r e p o r t .  
Throughout t h e  f o l l o w i n g  d e f i n i t i o n s  t h e  word ITEM i s  used 
and should  be unders tood  t o  a l s o  mean PART, COMPONENT, o r  ASSEMBLY 
a s  a p p r o p r i a t e .  
1. Limited  L i f e  I t em 
A l i m i t e d  l i f e  i t e m  f a l l s  w i t h i n  one o r  more o f  t h e  f o l l o w i n g  
c a t e g o r i e s :  
1 )  An i t e m  whose performance o r  r e l i a b i l i t y  d e t e r i o r a t e s  
below a c c e p t a b l e  l i m i t s  due t o  a g i n g  a f t e r  a  s p e c i f i e d  
p e r i o d  o f  t ime  f o l l o w i n g  t h e  d a t e  o f  manufac tu re ,  d e -  
l i v e r y ,  a c c e p t a n c e  o r  a c t i v a t i o n ;  
2) An i t em whose e s t i m a t e d  p re launch  and m i s s i o n  usage  i s  
a  s i g n i f i c a n t  p e r c e n t a g e  o f  i t s  s e r v i c e  l i f e ;  
3 )  An i t e m  t h a t  must be c a l i b r a t e d  o r  a d j u s t e d  p e r i o d i -  
c a l l y ;  
4 )  An i t e m  f o r  which o p e r a t i n g  t ime o r  c y c l e  h i s t o r y  must 
be ma in ta ined .  
2.  S h e l f  L i f e  
S h e l f  l i f e  i s  t h e  a l l o w a b l e  p e r i o d  o f  t ime a  m a t e r i a l  o r  
d e t a i l  p a r t  may be s t o r e d  f o l l o w i n g  c u r e  d a t e ,  d a t e  o f  manufac- 
t u r e ,  o r  d a t e  o f  r e c e i p t  a s  a p p l i c a b l e ,  b e f o r e  assembly o f  ttfe 
m a t e r i a l  o r  p a r t  i n t o  a  component o r  h i g h e r  l e v e l  assembly.  
3. S t o r a g e  L i f e  
S t o r a g e  l i f e  i s  t h e  a l l o w a b l e  p e r i o d  o f  t ime  a  component o r  
h i g h e r  l e v e l  assembly may be s t o r e d  w i t h o u t  r e q u i r i n g  r e c e r t i f i c a -  
t i o n  upon removal  from s t o r a g e .  
4. Ca lendar  L i f e  
Ca lendar  l i f e  i s  t h e  p e r i o d  o f  t ime  from d a t e  o f  manufac tu re  
o r  assembly t h a t  an i t em can  r e t a i n  i t s  d e s i r e d  performance and 
r e l i a b i l i t y  c h a r a c t e r i s t i c s  whi l e  i n  s t o r a g e  o r  i n s t a l l e d ,  o p e r a t -  
i n g  o r  n o n o p e r a t i n g  b e f o r e  b e i n g  r e c e r t i f i e d  o r  condemned. 
5. S e r v i c e  L i f e  
S e r v i c e  l i f e  i s  t h e  amount o f  f u n c t i o n a l  o r  o p e r a t i n g  t ime o r  
c y c l e s  t h a t  may be accumulated  on a n  i t e m  b e f o r e  t h e  p r o b a b i l i t y  
o f  f a i l u r e  exceeds  a c c e p t a h l e  l i m i t s ,  r e q u i r i n g  t h a t  t h e  i t e m  be 
r e f u r b i s h e d  and r e c e r t i f i e d ,  o r  condemned. 
6. O p e r a t i n g  L i m i t s  
O p e r a t i n g  l i m i t s  a r e  t h e  d e s i g n a t e d  l imi t s  o f  f u n c t i o n a l  o r  
o p e r a t i o n a l  t ime o r  c y c l e s  imposed on an  i t e m  because  o f  t h e  c r i t -  
i c a l i t y  o f  t l ie  a p p l i c a t i o n  o r  miss ion .  U s u a l l y  o p e r a t i n g  l i m i t s  
w i l l  be l e s s  t h a n  s e r v i c e  l i f e  t o  p r o v i d e  t h e  d e s i r e d  s a f e t y  f a c t o r .  
7.  M i l e s t o n e  L i m i t s  
M i l e s t o n e  l i m i t s  a r e  p o r t i o n s  o f  t h e  o p e r a t i n g  l i m i t s  a l l o -  
c a t e d  t o  each  phase  o f  o p e r a t i o n  ( a c c e p t a n c e  t e s t ,  p r o d u c t i o n  
t e s t ,  s t a t i c  t e s t ,  p re l aunch  t e s t ,  e t c ) .  
8. Cyc le  
The c y c l e  i s  u s u a l l y  d e f i n e d  u n i q u e l y  f o r  e a c h  i tem. It gen- 
e r a l l y  i m p l i e s  a  complete  o p e r a t i o n  from t h e  normal ,  d e e n e r g i z e d ,  
o r  d i s c o n n e c t e d  s t a t e  t o  t h e  o p e r a t e d ,  e n e r g i z e d ,  o r  connec ted  s t a t e  
and r e t u r n  t o  t h e  normal s t a t e .  P r e s s u r e  v e s s e l s  o f t e n  have a  
s p e c i a l  formula  f o r  d e f i n i n g  c y c l e s  o f  p r e s s u r i z a t i o n .  
9 .  Refurbishment  
Refurbishment  i s  a maintenance  o p e r a t i o n  performed on a n  item, 
c o n s i s t i n g  o f  d i sassembly ,  c l e a n i n g ,  i n s p e c t i o n ,  replacement  o r  
r e p a i r  o f  s u b a s s e m b l i e s ,  components,  o r  p a r t s  and reassembly.  Re- 
fu rb i shment  and r e c e r t i f i c a t i o n  r e s t o r e s  a l l  o r  p a r t  o f  t h e  c a l e n -  
d a r  l i f e  and /o r  s e r v i c e  l i f e  a s  s p e c i f i e d  f o r  t h e  i tem. 
10. R e c e r t i f i c a t i o n  
R e c e r t i f i c a t i o n  r e s t o r e s  a l l  o r  p a r t  o f  t h e  o p e r a t i n g  l i m i t s  
f o r  t h e  item a s  s p e c i f i e d .  R e c e r t i f i c a t i o n  i s  accompl ished by 
a d j u s t m e n t ,  c a l i b r a t i o n ,  o r  t e s t  o r  combina t ion  o f  t h e s e ,  t o  t h e  
l e v e l  r e q u i r e d  f o r  t h e  i tem.  
11. System L e v e l  T e s t  
A t e s t  performed on i n s t a l l e d  equipment t o  v e r i f y  t h a t  t h e  s y s -  
tem meets o p e r a t i o n a l  r e q u i r e m e n t s  i s  a  sys tem l e v e l  t e s t .  
12. F u n c t i o n a l  T e s t  
A f u n c t i o n a l  t e s t  i s  performed on a  component o r  subassembly 
t o  v e r i f y  o p e r a t i o n a l  i n t e g r i t y .  U s u a l l y  an  i t e m  i s  removed o r  
i s o l a t e d  from t h e  sys tem d u r i n g  f u n c t i o n a l  t e s t i n g .  
13. Acceptance  T e s t  
Acceptance  t e s t s  a r e  used t o  v e r i f y  t h a t  an  i t e m  meets t h e  
r e q u i r e d  procurement s p e c i f i c a t i o n s .  I n  most c a s e s ,  a c c e p t a n c e  
l e v e l  t e s t i n g  i s  r e q u i r e d  f o r  r e c e r t i f i c a t i o n  f o l l o w i n g  r e f u r b i s h -  
ment. 
14. Q u a l i f i c a t i o n  T e s t  
Q u a l i f i c a t i o n  t e s t s  a r e  a  complete  s e r i e s  o f  t e s t s  r e q u i r e d  
f o r  an  i t e m  t o  be q u a l i f i e d  f o r  i t s  f l i g h t  miss ion .  
I V .  MANAGEMENT OF A COMPONENT LIFE EXTENSION PROGRAM 
With t h e  adven t  o f  t h e  S a t u r n  v e h i c l e  s t o r a g e  program, i t  h a s  
become a p p a r e n t  t h a t  a  secondary  program i s  r e q u i r e d  t o  hand le  t h e  
problem o f  t h e  l i m i t e d  l i f e  component. Many o f  t h e  component p a r t s  
w i l l  exceed t h e i r  p r e s e n t l y  s t a t e d  c a l e n d a r  age  l imi t s  d u r i n g  t h e  
s t o r a g e  program. I n  a d d i t i o n  many components i n  s t o r a g e  a s  s p a r e s  
w i l l  exceed c a l e n d a r  age  l i m i t s  d u r i n g  t h e  s t a g e  s t o r a g e  program. 
The p r i n c i p a l  goa l  o f  a  program o f  component l i f e  e v a l u a t i o n  
and c o n t r o l  i s  t o  a s s u r e  a v a i l a b i l i t y  of  q u a l i f i e d  f l i g h t  hardware ,  
i n c l u d i n g  s p a r e s  s u p p o r t ,  t o  meet l aunch  d a t e  r e q u i r e m e n t s .  Addi-  
t i o n a l  g o a l s  i n v o l v e  h o l d i n g  down c o s t s  invo lved  i n  r e p l a c i n g ,  r e -  
working,  o r  r e t e s t i n g  hardware whose l i f e  l i m i t s  have e x p i r e d ,  and 
a s s u r i n g  t h a t  a l l  f l i g h t  hardware has  been p r o p e r l y  c a t e g o r i z e d  
a s  t o :  (1) age s e n s i t i v i t y ,  (2)  wearout  s e n s i t i v i t y ,  o r  (3)  l i f e  
l i m i t s  no t  r e q u i r e d .  
The o r g a n i z a t i o n a l  f u n c t i o n s  invo lved  i n  such  a  program a r e  
many and v a r i e d ,  i n c l u d i n g  d e s i g n  e n g i n e e r i n g ,  sys tem e n g i n e e r i n g ,  
r e l i a b i l i t y ,  l o g i s t i c s ,  q u a l i t y  c o n t r o l ,  m a i n t a i n a b i l i t y  e n g i n e e r -  
i n g ,  and t e s t  o p e r a t i o n s .  Dur ing t h e  c o u r s e  o f  t h e  s u r v e y ,  a  va- 
r i e t y  o f  management approaches  t o  component l i f e  c o n t r o l  were  ob- 
s e r v e d ,  however, most of  t h e  e f f e c t i v e ,  comprehensive programs 
were admin i s t e red  by a  s i n g l e  c o n t r o l l i n g  agency.  T h a t  agency 
sometimes took t h e  form o f  a  committee and o t h e r  t imes  was an  o r -  
g a n i z a t i o n a l  u n i t .  I n  e i t h e r  c a s e  t h e  a u t h o r i t y  was p rov ided  t o  
d i r e c t  t h e  n e c e s s a r y  a c t i o n s  i n  s u p p o r t  o f  t h e  component l i f e  pro: 
gram. 
A .  METHODS USED BY THOSE SURVEYED 
A l l  of t h e  companies and a g e n c i e s  surveyed have exper ienced  some 
e f f e c t s  a s  a  r e s u l t  of  a g i n g  m a t e r i a l s  o r  components and a l l  have 
developed a  method o r  t echn ique  f o r  d e a l i n g  w i t h  t h o s e  problems.  
The fo l lowing  pa ragraphs  d e s c r i b e  t h e  management methods used 
by a  few o f  t h o s e  s u r v e y e d .  These appear  t o  be t h e  b e s t  sys tems 
f o r  c o n t r o l l i n g  equipment t h a t  p o s s e s s  a g i n g  c h a r a c t e r i s t i c s .  
1. Grumman Program 
The s a l i e n t  f e a t u r e s  o f  t h e  Grumman program f o r  c o n t r o l  o f  
l i f e - s e n s i t i v e  components a r e  a s  f o l l o w s .  
Grumman c o n t r o l s  l i f e - s e n s i t i v e  components  t h r o u g h  two sys t ems  
The " s h e l f  l i f e "  program m o n i t o r s  i t e m s  s u s c e p t i b l e  t o  c a l e n d a r  
a g i n g .  The " l i m i t e d  l i f e "  program m o n i t o r s  components s u s c e p t i b l e  
t o  w e a r o u t  d e g r a d a t i o n  due  t o  o p e r a t i o n .  
Bo th  programs a r e  a d m i n i s t e r e d  by a  s i n g l e  p o i n t  o f  c o n t a c t  
( a  g roup  w i t h i n  t h e  R e l i a b i l i t y  and M a i n t a i n a b i l i t y  C o n t r o l  Sec-  
t i o n  o f  t h e  E n g i n e e r i n g  D e p a r t m e n t ) .  
Da ta  s h e e t s  a r e  p r e p a r e d  f o r  e a c h  component t o  t h e  d e l i v e r a b l e  
p a r t  l e v e l .  A sample  d a t a  s h e e t  i s  p r e s e n t e d  i n  Appendix D .  De- 
t e r m i n a t i o n  o f  t h e  l i f e  l i m i t ,  and t h e  a c t i o n  t o  be t a k e n  when 
t h e  l i m i t  i s  r e a c h e d  i s  based on vendor  recommendation and e n g i -  
n e e r i n g  a n a l y s i s ,  i n c l u d i n g  e x p e r i e n c e ,  d a t a ,  and m i s s i o n  c o n s i d -  
e r a t i o n s .  Des ign  and R e l i a b i l i t y  S e c t i o n s  and NASA s i g n  o f f  t h e  
d a t a  s h e e t .  Purchased  p a r t s  a l s o  r e q u i r e  a  d a t a  s u b m i t t a l  t h a t  
i s  reviewed by M a t e r i a l s  and R e l i a b i l i t y  e n g i n e e r s  t o  a s s u r e  p rop -  
e r  i n c l u s i o n  i n  t h e  component l i f e  p rog rams .  The s i n g l e  agency 
a d m i n i s t r a t i o n  a s s u r e s  c o n s i s t e n c y  among t h e  v a r i o u s  t y p e s  o f  coni- 
p o n e n t s .  
No s p e c i f i c  t e s t i n g  i s  conducted  t o  o b t a i n .  o r  v e r i f y  l i f e -  
l i m i t  d a t a  a t  t h e  component l e v e l .  
O p e r a t i n g  l i f e  l i m i t  m i l e s t o n e s  a r e  e s t a b l i s h e d  t o  c o n t r o l  
o p e r a t i n g  t i m e s  a t  t h e  v a r i o u s  t e s t  l o c a t i o n s .  The document l i s t -  
i n g  t h e  equipment  l i f e  and m i l e s t o n e s  h a s  r e l e a s e d  e n g i n e e r i n g  
s t a t u s .  Changes may be made t h a t  a f f e c t  o n l y  one  v e h i c l e  e f f e c -  
t i v i t y  a t  one  m i l e s t o n e ,  o r  any  c o m b i n a t i o n  01 equipment  e f f e c t i v -  
i t y  and m i l e s t o n e s  a s  a p p r o p r i a t e  t o  t h e  s i t u a t i o n ,  
A n a l y s i s  and t e s t  d a t a  a r e  t h e  p r i n c i p a l  t o o l s  i n  chang ing  
l i f e  l i m i t s .  The t e s t  d a t a  i n v o l v e d  a r e  u s u a l l y  from r o u t i n e  t e s t  
p r o c e d u r e s .  I n s p e c t i o n  d a t a  may be u s e f u l  where  c o n t a m i n a t i o n  o r  
c o r r o s i o n  a r e  o f  c o n c e r n .  
The s h e l f  l i f e  program t e r m i n a t e s  f o r  some components a t  i n -  
s t a l l a t i o n  i n  a  s y s t e m .  O t h e r  components a r e  moni tored  t o  l a u n c h .  
O p e r a t i n g  t i m e s  a r e  moni tored  by manual ly  e n t e r i n g  e v e n t  c l o c k  
t ime  i n  t h e  p r o c e d u r e .  Q u a l i t y  C o n t r o l  i s  r e s p o n s i b l e  f o r  main- 
t a i n i n g  component t ime  l o g s  and summary s h e e t s .  Some e v e n t s  a r e  
r e c o r d e d  o n  t a p e ,  however,  t h e s e  d a t a  a r e  o n l y  used t o  back up t h e  
manual e n t r y  s y s t e m .  Q u a l i t y  C o n t r o l  m o n i t o r s  i t e m s  a g a i n s t  t h e  
m i l e s t o n e  l i m i t s .  
The a d m i n i s t r a t i v e  g roup  m o n i t o r s  component s h e l f  l i f e  by an 
automated  s y s t e m .  T h i s  g roup  n o t i f i e s  Q u a l i t y  C o n t r o l  on  a  s p e -  
c i a l  form when a n  a c t i o n  i s  n e c e s s a r y  f o r  a  s p e c i f i c  i t e m .  T h i s  
form i s  r e t u r n e d  t o  t h e  a d m i n i s t r a t i v e  g roup  on  compl iance  t o  
c l o s e  o u t  t h e  i t e m .  Examples o f  t h e  automated  s h e l f  l i f e  l o g s  
a r e  p r e s e n t e d  i n  Appendix D .  E x c e r p t s  from R e p o r t  ARP 255-015,  
AAP/LM-A TimeICycle  S e n s i t i v e  I t e m s  Summary, a r e  a l s o  p r e s e n t e d  
i n  Appendix D t o  b e t t e r  i l l u s t r a t e  t h e  Grumman d o c u m e n t a t i o n .  
2 .  McDonnell Douglas  Program 
Component a g e  and o p e r a t i n g  l i f e  f o r  t h e  Gemini and Gernini 'B 
programs were  c o n t r o l l e d  by t h e  P r o d u c t  S u p p o r t  o r  l o g i s t i c s  o r -  
g a n i z a t i o n  o f  t h e  McDonnell Douglas C o r p o r a t i o n  t h r o u g h  t h e  u s e  o f  
P r e v e n t a t i v e  Main tenance  Requ i remen t s  Summary Documents. These  
documents e s t a b l i s h e d  l i f e  l i m i t s  f o r  a l l  s p a c e c r a f t  sys t ems  e q u i p -  
ment .  The equipment  was a n a l y z e d  from t h e  s t a n d p o i n t  o f  a c c e s s  
and r emova l ,  r e p a i r  l o c a t i o n  and d e s c r i p t i o n ,  p e r i o d i c  m a i n t e n a n c e ,  
s p e c i a l  s t o r a g e ,  and h a n d l i n g  r e q u i r e m e n t s .  The i n f o r m a t i o n  was 
c o o r d i n a t e d  w i t h  sys t ems  e n g i n e e r s  and t e s t  p e r s o n n e l  and r e p r e -  
s e n t e d  t h e  t o t a l  program r e p a i r  and maintenance  p o l i c y .  Component 
l i f e  i s  e s t a b l i s h e d  by program r e q u i r e m e n t s  and i s  ex tended  o n l y  
by t e s t i n g .  Some changes  t o  component l i f e  have  been made based  
on p a s t  h i s t o r y  e x p e r i e n c e .  A  M a t e r i a l  Review Board s y s t e m  i s  
used f o r  h a n d l i n g  components t h a t  have  pas sed  t h e i r  l i f e  l i m i t s .  
Samples o f  t h e  Gemini and Gemini B ma in tenance  summary docu-  
ments  and a  d e s c r i p t i o n  o f  t h e  columns f o r  e a c h  a r e  p rov ided  i n  
Appendix D .  
3 .  S c r e e n i n g  Committee 
Lockheed M i s s i l e s  and Space Company's Space  Sys tems D i v i s i o n  
h a s  been f aced  w i t h  e x t e n d i n g  t h e  c a l e n d a r  l i f e  o f  components i n  
t h e  Agena s y s t e m .  A s c r e e n i n g  commit tee  was s e t  up t o  d i r e c t  and 
mon i to r  t h i s  f u n c t i o n .  I n  a d d i t i o n ,  t h e  commit tee  m o n i t o r s  o t h e r  
p a r a m e t e r s  t h a t  a f f e c t  t h e  r e l i a b i l i t y  o f  t h e  s y s t e m ,  s u c h  a s  f a i l -  
u r e s  and e x c e s s i v e  r ework .  The s c r e e n i n g  commit tee  i s  composed o f  
t h e  f o l l o w i n g  members: 
1 )  P r o d u c t  A s s u r a n c e  Program R e p r e s e n t a t i v e  (Chairman) ; 
2)  Program C h i e f  Systems E n g i n e e r ;  
3)  progkarn R e l i a b i l i t y  E n g i n e e r ;  
4) Respons ib le  Equipment E n g i n e e r ;  
5) Customer R e p r e s e n t a t i v e ,  i f  r e q u i r e d .  
On o c c a s i o n ,  t h e  r e l i a b i l i t y  o f  equipment t h a t  has  passed ac -  
c e p t a n c e  t e s t  and meets i t s  s p e c i f i e d  c o n t r a c t  r equ i rements  may 
become s u s p e c t .  The fo l lowing  c r i t e r i a  were  e s t a b l i s h e d  f o r  m i s -  
s i o n - c r i t i c a l  f l i g h t  hardware t o  h e l p  d e f i n e  t h o s e  c i rcumstances  
t h a t  may r e s u l t  i n  equipment r e l i a b i l i t y  d e g r a d a t i o n :  
"1. UNVERIFIED FAILURES: When a  f a i l u r e  canno t  be 
reproduced i n  subsequen t  t e s t i n g  and d e t a i l e d  i n v e s t i g a -  
t i o n  i n d i c a t e s  t h a t  r ep lacement  o f  components t h a t  
could cause  t h e  problem i s  n o t  p r a c t i c a b l e  o r  would r e s u l t  
i n  e x c e s s i v e  rework.  
" 2 .  RELATED FAILURES: When a  v e r i f i e d  f a i l u r e  ap-  
p e a r s  t o  be r e l a t e d  t o  a  p r i o r  f a i l u r e  ( v e r i f i e d  o r  unver-  
i f i e d )  b u t  e x a c t  cause  canno t  be determined and d e t a i l e d  
f a i l u r e  a n a l y s i s  i n d i c a t e s  t h a t  r ep lacement  o f  a l l  compo- 
n e n t s  t h a t  could cause  t h e  f a i l u r e  i s  n o t  p r a c t i c a b l e  o r  
would r e s u l t  i n  e x c e s s i v e  rework.  
" 3 .  EXCESSIVE OR UNKNOWN STRESS LEVELS: When t h e r e  
i s  r e a s o n a b l e  ev idence  o f  a  component hav ing  been sub- 
j e c t e d  t o  s t r e s s  l e v e l s  i n  excess  o f  a l l o w a b l e  normal 
ground o p e r a t i n g  s p e c i f i c a t i o n  l i m i t s  o r  when a  component 
f a i l u r e  i s  known t o  produce e x c e s s i v e  s t r e s s  l e v e l s  e l s e -  
where w i t h i n  t h e  component and rep lacement  o f  a l l  over -  
s t r e s s e d  p a r t s  i s  n o t  p r a c t i c a b l e  o r  would r e s u l t  i n  ex-  
c e s s i v e  rework.  
"4 .  EXCESSIVE REWORK: When a  component has  o r  w i l l  
have a  h i s t o r y  of  e x c e s s i v e  rework,  r e p a i r  o r  m o d i f i c a t i o n  
of  a  f u n c t i o n a l  n a t u r e .  
"5.  INCOMPLETE PEDIGREE DATA: When a  component l a c k s  
adequa te  r e p a i r ,  rework,  o r  c o r r e c t i v e  a c t i o n  documenta- 
t i o n .  
" 6 .  INADEQUATE OPERATING TIME TO ALLOW RECYCLING: 
When any n o n r e f u r b i s h a b l e  l i m i t e d - o p e r a t i n g - l i f e  compo- 
nen t  canno t  be r e c y c l e d  s o  t h a t  i t s  remain ing  ground op- 
e r a t i n g  l i f e  l i m i t s  w i l l  n o t  be  exceeded p r i o r  t o  l a u n c h .  
" 7 .  EXCESSIVE CALENDAR LIFE: Unless  o t h e r w i s e  de -  
f i n e d  by govern ing  equipment s p e c i f i c a t i o n s  o r  c o n t r a c t  
documentat ion,  a l l  n o n r e f u r b i s h a b l e  components f o r  which 
e f f e c t s  of  extended s t o r a g e  a r e  unknown s h a l l  be reviewed 
a f t e r  36  months." (Ref 7) 
Equipment t o  be sc reened  i s  determined by t h e  R e l i a b i l i t y  
Group o r  t h e  Program O f f i c e .  The t a s k  of  p r e p a r i n g  a  p l a n  f o r  
e x t e n d i n g  l i f e  i s  a s s i g n e d  t o  t h e  r e s p o n s i b l e  equipment e n g i n e e r  
by t h e  s c r e e n i n g  committee.  The p l a n  i s  reviewed and approved by 
t h e  committee and a  d e c i s i o n  i s  made on l i f e  e x t e n s i o n  based on 
t h e  r e s u l t s  o f  t h e  a c t i o n s  i n v o l v e d .  
The f o l l o w i n g  i n f o r m a t i o n  concern ing  l i f e  e x t e n s i o n  o f  t h e  
h o r i z o n  s e n s o r  sys tem w i l l  i l l u s t r a t e  t h e  above p r o c e s s .  T h i s  
sys tem has  a s p e c i f i c a t i o n  c a l e n d a r  l i f e  o f  36  months. Of 33 u n i t s ,  
26 have accrued 2 8  months o r  m r e  of  c a l e n d a r  l i f e .  I t  i s  ex- 
pec ted  t h a t  14 u n i t s  w i l l  exceed 36  months a t  t h e i r  p r e d i c t e d  use  
d a t e .  To extend c a l e n d a r  l i f e  t h e  f o l l o w i n g  f u n c t i o n s  w i l l  be p e r -  
formed on one sys tem t h a t  i s  over  40 months o l d  ( o l d e s t  a v a i l a b l e ) :  
1) Open mixer box f o r  v i s u a l  i n s p e c t i o n ;  
2 )  Measure head p r e s s u r e ;  
3) Perform e v a l u a t i o n  t e s t  t o  t h e  o r i g i n a l  q u a l i f i c a t i o n  
l e v e l  which i n c l u d e s  - 
a)  Thermal vacuum, b o t h  h i g h  and low t e m p e r a t u r e ,  
b) V i b r a t i o n ,  
c) Shock; 
4 )  ~ a r a m e t e r  v e r i f i c a t i o n  and v i s u a l  i n s p e c t i o n ;  
5) Complete t e a r  down and d e s t r u c t i v e  i n s p e c t i o n .  
Upon s u c c e s s f u l  comple t ion  o f  t h i s  e v a l u a t i o n  a  f u n c t i o n a l  t e s t  
r equ i rement  f o r  t h e  r e s t  o f  t h e  sys tems w i l l  be e s t a b l i s h e d  and 
t h e  c a l e n d a r  l i f e  w i l l  be extended t o  60 months.  The c a l e n d a r  l i f e  
of t h e  v e l o c i t y  m e t e r s  h a s  r e c e n t l y  been extended from 36  t o  60 
months u s i n g  a  s i m i l a r  t e c h n i q u e .  
4 .  M a t e r i a l  Review Board (MRB) 
M a r t i n  M a r i e t t a  C o r p o r a t i o n ,  McDonnell Douglas  C o r p o r a t i o n ,  
and Lockheed M i s s i l e s  and Space  Company a r e  among t h o s e  t h a t  use  
a  M a t e r i a l  Review Board s y s t e m .  An MRB i s  used  t o  d e t e r m i n e  t h e  
d i s p o s i t i o n  o f  m a t e r i a l  o r  hardware  t h a t  d o e s  n o t  conform t o  s p e c -  
i f i c a t i o n s  o r  e x c e e d s  i t s  o p e r a t i n g  l i m i t a t i o n  o r  c a l e n d a r  l i f e .  
An MRB i s  u s u a l l y  composed o f  a u t h o r i z e d  members o f  t h e  Q u a l i t y  
and E n g i n e e r i n g  d e p a r t m e n t s  and a  cus tomer  r e p r e s e n t a t i v e  w i t h  
a c c e p t a n c e  a u t h o r i t y .  The MRB h a s  t h e  a u t h o r i t y  t o  o r d e r  a n  i t e m  
s c r a p p e d ,  u s e  a s  i s ,  o r  r ework  t h e  i t e m  i n  a c c o r d a n c e  w i t h  MRB's 
p r e s c r i b e d  i n s t r u c t i o n s .  The MRB h a s  no a u t h o r i t y  t o  a p p r o v e  t h e  
u s e  o f  a  nonconforming i t e m  when a  d e v i a t i o n  w i l l  e x i s t  i n  t h e  
f i n a l  ha rdware .  A u t h o r i t y  f o r  u s e  o f  nonconforming m a t e r i a l  which 
e x c e e d s  t h e  o p e r a t i n g  l i m i t a t i o n  o r  c a l e n d a r  l i f e  must be approved 
by t h e  c u s t o m e r .  
5 .  Aving Modes and E f f e c t s  A n a l y s i s  
An Aging Modes and E f f e c t s  A n a l y s i s  (AMEA) i s  a  s y s t e m a t i c  
s t u d y  o f  t h e  e f f e c t s  o f  a g i n g  on  e a c h  e l e m e n t  o f  a n  i t e m  and wheth-  
e r  t h e s e  e f f e c t s  cou ld  d e g r a d e  o r  n e g a t e  t h e  f u n c t i o n  o f  t h e  i t e m .  
The AMEA can  go one  s t e p  f u r t h e r  and d e t e r m i n e  what  e f f e c t  e i t h e r  
d e g r a d a t i o n  o r  l o s s  o f  t h e  f u n c t i o n  of  t h e  i t e m  would have  o n  m i s -  
s i o n  s u c c e s s .  An AMEA c o u l d  a l s o  c o n s i d e r  t h e  e f f e c t s  o f  i n t e r -  
f a c e  a g i n g .  A  s o p h i s t i c a t e d  AMEA might  i n c l u d e  e s t i m a t e s  o f  t h e  
p r o b a b i l i t y  o f  o c c u r r e n c e  o f  e a c h  a g i n g  e f f e c t .  Expe r i enced  chem- 
i s t s ,  p h y s i c i s t s ,  o r  m a t e r i a l  e n g i n e e r s  shou ld  p e r f o r m  t h e  AMEA 
s i n c e  t h e  AMEA i s  performed e s s e n t i a l l y  a t  t h e  m a t e r i a l s  l e v e l .  
An AMEA shou ld  be  r e q u i r e d  b e f o r e  d e s i g n  r e l e a s e  t o  d e t e r m i n e  
what  e l e m e n t s  o f  a n  icem a r e  a g e  c r i t i c a l  and t h e  l i f e  l i m i t a t i o n s  
o f  t h e  i t e m .  M o d i f i c a t i o n  of  t h e  d e s i g n  i s  r e q u i r e d  i f  c a l e n d a r  
o r  c y c l i c  l i f e  d o e s  no t  meet minimum s p e c i f i c a t i o n s .  I t  i s  sug -  
g e s t e d  t h a t  d e s i g n  e n g i n e e r s  shou ld  i n c l u d e  a  l i f e  a n a l y s i s ,  i n -  
c l u d i n g  t h e  AMEA, i n  t h e i r  d e s i g n  r e p o r t s  s u b m i t t e d  t o  t h e  d e s i g n  
r e v i e w  board (DRB). P a r t  o f  t h e  DRB f u n c t i o n  shou ld  be t o  e n s u r e  
t h a t  l i f e / c y c l e  r e q u i r e m e n t s  have  been  m e t .  
A l though  many o f  t h o s e  i n t e r v i e w e d  employed a n  i n f o r m a l  AMEA, 
G e n e r a l  E l e c t r i c  Company, M i s s i l e  and Space  D i v i s i o n ,  a p p a r e n t l y  
was t h e  o n l y  company u s i n g  a  fo rma l  AMEA ( T r i p  R e p o r t  1 1 - 2 2 )  .* 
"Tr ip  r e p o r t s  a r e  r e p r i n t e d  i n  Appendix C .  
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6 .  S e r v i c e  L i f e  E v a l u a t i o n  Program 
The S e r v i c e  L i f e  E v a l u a t i o n  Program i s  a  method used by t h e  
m i l i t a r y  t o  e v a l u a t e  t h e  c a p a b i l i t y  of  equipment t o  s u r v i v e  i t s  
environment and s u c c e s s f u l l y  perform i t s  ass igned  f u n c t i o n  w i t h i n  
e x i s t i n g  requ i rements  and u l t i m a t e l y  t o  de te rmine  t h e  maximum 
s e r v i c e  l i f e  t h a t  can be e s t a b l i s h e d  c o n s i s t e n t  w i t h  r e l i a b i l i t y  
r e q u i r e m e n t s .  
I t  has  been used s u c c e s s f u l l y  on programs such a s  t h e  A t l a s ,  
Thor ,  T i t a n ,  Minuteman, and P o l a r i s  t o  e v a l u a t e  t h e  c a p a b i l i t y  and 
extend t h e  l i f e  o f  t h o s e  weapon sys tems .  It i s  most e f f e c t i v e  
when t h e  q u a n t i t y  o f  equipment w i t h i n  t h e  program i s  g r e a t  enough 
t o  p rov ide  meaningful  d e g r a d a t i o n  d a t a .  
E v a l u a t i o n  m i s s i l e s  a r e  removed from o p e r a t i o n a l  deployment 
a t  programed a g e s .  These  u n i t s  a r e  g iven  a  s e r i e s  o f  a n a l y t i c a l  
t e s t s  o r  a n  a n a l y t i c a l  overhau l  t o  de te rmine  ag ing  d e g r a d a t i o n  o r  
wearout  c h a r a c t e r i s t i c s .  
7 .  Techn ica l  Orders  00-20K S e r i e s  
The 00-20K s e r i e s  o f  t e c h n i c a l  o r d e r s  a r e  used by Lhe A i r  
Force  t o  e s t a b l i s h  a l l o w a b l e  t ime l i m i t s  f o r  t h e  s t o r a g e ,  i s s u e ,  
and shipment o f  s p e c l f i c  c a t e g o r i e s  o f  p r o p e r t y  and t o  p r e s c r i b e  
t h e  a c t i o n  t o  be t aken  a t  t h e  end o f  such t ime l i m i t s .  T h i s  s e -  
r i e s  o f  T .0 . s  was e s t a b l i s h e d  by Headquar te r s ,  A i r  F o r c e  L o g i s t i c s  
Command R e g u l a t i o n  No. 65-23, which p r e s c r i b e s  r e s p o n s i b i l i t i e s  
and guidance f o r  t h e  e s t a b l i s h m e n t  of  age  c o n t r o l s  on AF p r o p e r t y ,  
s u r v e i l l a n c e  o f  i t ems  so d e s i g n a t e d  w h i l e  i n  s t o r a g e ,  and f o r  r e -  
examina t ion  and a n a l y s i s  o f  such  p r o p e r t y  f o r  p o s s i b l e  e x t e n s i o n  
of  s h e l f  l i f e ,  
"The commander a t  each A i r  Force  a c t i v i t y  i s  r e s p o n s i b l e  
t o  i n s u r e  t h a t  q u a l i f i e d  pe r sonne l  a r e  a s s i g n e d  a s  r e -  
q u i r e d  t o :  
" a .  E s t a b l i s h  and m a i n t a i n  i d e n t i f i c a t i o n ,  c o n d i t i o n ,  
and s t a t u s  o f  a l l  p r o p e r t y .  
"b. Make s y s t e m a t i c  i n s p e c t i o n  o f  a l l  p r o p e r t y  b e i n g  
r e c e i v e d ,  shipped and i n  s t o r a g e ,  t o  de te rmine  
i f  r u s t ,  c o r r o s i o n ,  fungus ,  l o s s ,  o r  d r y i n g  o u t  
o f  l u b r i c a t i o n ,  obvious  o r  suspec ted  damage o r  
o t h e r  a c t i o n  h a s  occur red  o r  i s  abou t  t o  o c c u r  
which may r e n d e r  t h e  m a t e r i a l  o r  equipment u n f i t  
f o r  i s s u e ,  shipment o r  con t inued  s t o r a g e .  
" c .  Make r e g u l a r  examina t ions  o f  humid i ty  i n d i c a t o r s  
i n  d e s i c c a n t  packaged i t e m s  t o  i n s u r e  t h a t  t h e  
m o i s t u r e  c o n t e n t  o f  such  package d o e s  n o t  exceed 
t h e  a l l o w a b l e  l i m i t s .  
" d .  I n s p e c t  p r e s s u r i z e d  c o n t a i n e r s  t o  i n s u r e  p r e s -  
s u r e  i s  mainta ined w i t h i n  l i m i t s  e s t a b l i s h e d  i n  
a p p l i c a b l e  t e c h n i c a l  o r d e r s .  
" e .  I n s u r e  t h a t  a p p r o p r i a t e  maintenance a c t i o n  i s  
accomplished on p r o p e r t y  r e q u i r i n g  such a c t i o n .  
" f .  I n s u r e  t h a t  Government Furn i shed  P r o p e r t y  (GFP) 
and Government Furn i shed  A i r c r a f t  Equipment 
(GFAE) s t o r e d  a t  c o n t r a c t o r s '  p l a n t s  i s  s u b j e c t  
t o  t h e  r e q u i r e d  i n s p e c t i o n s  and f u n c t i o n a l  t e s t s . "  
(Ref 8) 
The fo l lowing  c r i t e r i a  a r e  used by t h e  A i r  F o r c e  a s  j u s t i f i c a -  
t i o n  f o r  a p p l y i n g  a g e  c o n t r o l :  
I ,  1.  End a s s e m b l i e s  o r  components which have d i r e c t  
e f f e c t  on s a f e t y  of  f l i g h t  ( m i s s i l e  s a f e t y )  and l i f e  s u s -  
t a i n i n g  equipment w i l l  be s u b j e c t  t o  a g e  c o n t r o l s ,  i f  
documented f a i l u r e  o r  f a c t u a l  d a t a  i n d i c a t e  t h a t  prema- 
t u r e  f a i l u r e  has  occur red  a s  a  r e s u l t  of  d e t e r i o r a t i o n  
w h i l e  i n  s t o r a g e .  
" 2 .  On a  new i t e m  e n t e r i n g  t h e  i n v e n t o r y ,  e x p e r i e n c e  
gained on a  l i k e  i t e m  should  be u s e d .  I f  no e x p e r i e n c e  
d a t a  i s  a v a i l a b l e ,  t h e  i t e m  should  n o t  be s u b j e c t e d  t o  
age  c o n t r o l  u n t i l  e x p e r i e n c e  d i c t a t e s .  
" 3 .  A l l  o t h e r  i t e m s  on which documented f a i l u r e  o r  
f a c t u a l  d a t a  i n d i c a t e s  t h a t  t h e  u s e f u l  l i f e  o f  t h e  i t e m  
w i l l  be degraded a s  a  r e s u l t  of  s h e l f  l i f e  d e t e r i o r a t i o n  
w i l l  be cons ide red  f o r  age  c o n t r o l .  
" 4 .  Age c o n t r o l s  a r e  no t  t o  be a p p l i e d  t o  i t e m s  con- 
t a i n i n g  S i l i c o n e ,  Neoprene o r  T e f l o n  merely because  o f  t h e  
p resence  of  t h e s e  m a t e r i a l s  i n  t h e  p a r t  o r  assembly.  
" 5 ,  Age c o n t r o l s  a r e  n o t  t o  be a p p l i e d  when d e t e r i -  
o r a t i o n  can be p reven ted  by p roper  packaging o r  p r e s e l -  
v a t i o n  ." (Ref 8) 
Each A i r  M a t e r i e l  Area i s  r e s p o n s i b l e  f o r  a d m i n i s t r a t i o n  and 
c o n t r o l  of  t h e  age  c o n t r o l  program on t h e  p r o p e r t y  f o r  which i t  
i s  d e s i g n a t e d  a s  Maintenance E n g i n e e r i n g  Manager. 
8 .  Improved Maintenance P r o ~ r a m  (IMP1 
The e x t e n s i o n  of  s h e l f  and o p e r a t i n g  l i v e s  o f  components i n  
t h e  Thor sys tem i s  p a r t  of  t h e  r e s p o n s i b i l i t y  of  t h e  Improved 
Maintenance Program (IMP). T h i s  program i s  implemented by a  s e -  
r i e s  o f  annua l  r ev iew meet ings  a t t e n d e d  by r e p r e s e n t a t i v e s  from 
t h e  cogn izan t  A i r  M a t e r i e l  Areas  (AMA) and t h e  us ing  a g e n c i e s .  
I t  i s  c h a i r e d  by t h e  t e c h n i c a l  s e r v i c e s  group from t h e  M. 
T h i s  meeting i s  c o n t r o l l e d  by a n  agenda prepared i n  advance 
from i n p u t s  of  t h e  AMAs and u s i n g  a g e n c i e s .  The agenda i s  pre -  
pared e a r l y  enough t o  a l l o w  each  r e s p o n s i b l e  agency t o  p r e p a r e  
t e n t a t i v e  s o l u t i o n s  t o  i t s  p a r t i c u l a r  problem a r e a s .  The IMP 
group a c t s  on each problem t a k i n g  i n t o  c o n s i d e r a t i o n  t h e  sugges ted  
s o l u t i o n s .  The r e s u l t s  of  t h e s e  a c t i o n s  a r e  r ecorded  i n  t h e  IMP 
rev iew minutes which,  a f t e r  being s igned  by r e p r e s e n t a t i v e s  o f  
a l l  a g e n c i e s ,  become b i n d i n g .  D e c i s i o n s  t o  change t h e  l i v e s  o f  
i t ems  a r e  based on t h e  methods d i s c u s s e d  i n  Chap te r  V . C .  These  
d e c i s i o n s  a r e  implemented by changes t o  t h e  a p p l i c a b l e  -6 i n s p e c -  
t i o n  manual. 
Manual AF-LCM-66-2, a  g e n e r a l  r e s p o n s i b i l i t y  document, r e q u i r e s  
t h e  IMP o r  a  s i m i l a r  program t o  d e f i n e  l i f e  l i m i t a t i o n s .  For  ex-  
ample,  a  s i m i l a r  program a t  t h e  Ogden AMA i s  t h e  Maintenance Serv-  
i c e  Review, which was fo rmer ly  t h e  IMP program. The Maintenance 
M a t e r i e l  D i v i s i o n  (MCMT) o f  t h e  A i r  Force  L o g i s t i c s  Command a t  
W r i g h t - P a t t e r s o n  AFB moni to r s  a l l  T e c h n i c a l  Orders  f o r  u n i f o r m i t y  
of  c o n t e n t  and form. MCMT recommended t h a t  each l i f e  l i m i t a t i o n  
r e q u e s t  o r  change be accompanied by a s t a t e m e n t  t h a t  d e l i n e a t e s  
why t h e  r e q u e s t  o r  change i s  r e q u i r e d  ( T r i p  Repor t  1 1 - 3 1 ) .  
Three  examples o f  Thor components whose l i v e s  have been ex- 
tended by IMP a r e  p r e s e n t e d  i n  T r i p  Repor t  11-16.  A t  SMAMA, i t  
i s  t h e  r e s p o n s i b i l i t y  of  t h e  s e r v i c e  e n g i n e e r i n g  group t o  p l a n  and 
implement c a s e s  i n v o l v i n g  t h e  e x t e n s i o n  o f  l i v e s  and t o  s e l l  t h e  
r e s u l t s  t o  t h e  IMP review.  
9 .  Open Ended L i f e  
The open ended l i f e  method i s  used by t h e  Navy on t h e  P o l a r i s  
weapon sys tem,  which i s  now cons ide red  t o  be comple te ly  open ended 
w i t h  no age  l i m i t a t i o n s  imposed. The open ended l i f e  method i s  an 
e x t e n s i o n  o f  t h e  s e r v i c e  l i f e  e v a l u a t i o n  program. 
The P o l a r i s  sys tem was o r i g i n a l l y  des igned  f o r  a  5-year  l i f e .  
A f t e r  i t  had been deployed f o r  abou t  4 y e a r s ,  i t  became obvious  
t h a t  s t e p s  would have t o  be t aken  t o  m a i n t a i n  conf idence  i n  t h e  
sys tem.  For  t h i s  r e a s o n ,  a  S e r v i c e  L i f e  E v a l u a t i o n  Program was 
e s t a b l i s h e d  c o n s i s t i n g  o f  t h e  f o l l o w i n g  s t e p s :  
1)  Approximately 50% o f  t h e  e n t i r e  f l e e t  o f  m i s s i l e s  a r e  
removed from t h e  submarines e v e r y  y e a r .  These mis- 
s i l e s  r e c e i v e  a  f u n c t i o n a l  check b e f o r e  removal and 
a r e  then  t aken  t o  a  Naval depo t  f a c i l i t y  where t h e  
f u n c t i o n a l  t e s t  i s  r e p e a t e d .  A f t e r  t h i s ,  t h e  m i s s i l e s  
a r e  broken down i n t o  t h e i r  major components and t h e s e  
components a r e  t e s t e d  t o  a s s u r e  t h a t  they  a r e  s t i l l  
o p e r a t i n g  w i t h i n  s p e c i f i c a t i o n  l i m i t s .  A l l  components 
t h a t  s a t i s f a c t o r i l y  p a s s  t h e s e  t e s t s  a r e  held  i n  s t o c k  
u n t i l  r e q u i r e d  t o  b u i l d  up a  new m i s s i l e .  R e s u l t s  o f  
t h i s  t e s t i n g  a r e  s e n t  t o  Lockheed.  Where a p p r o p r i a t e ,  
components t h a t  a r e  o u t  o f  s p e c i f i c a t i o n  a r e  s e n t  t o  
Lockheed f o r  f a i l u r e  a n a l y s i s .  
2 )  Twelve m i s s i l e s  p e r  y e a r  a r e  removed from t h e  a c t i v e  
f l e e t  and r e t u r n e d  t o  Lockheed f o r  more complete t e s t -  
i n g  t o  t h e  component l e v e l .  
3) Two t o  f o u r  m i s s i l e s  p e r  y e a r  from t h e  a c t i v e  f l e e t  
a r e  r e t u r n e d  t o  Lockheed f o r  complete  a n a l y t i c a l  t e a r  
down and where n e c e s s a r y ,  d e s t r u c t i v e  t e s t i n g .  
4) One s h o t  i t e m s ,  e . g . ,  ordnance and b a t t e r i e s  a r e  sam- 
pled every  y e a r  and r e s u l t s  of  t h e i r  t e s t s  a r e  com- 
pared t o  t h e  accep tance  t e s t  d a t a .  A l l  of t h e s e  d a t a  
a r e  c o l l e c t e d  and e v a l u a t e d  a t  Lockheed and become t h e  
b a s i s  f o r  i d e n t i f y i n g  any a c t i o n  r e q u i r e d  t o  m a i n t a i n  
conf idence  i n  miss ion  s u c c e s s .  
Due t o  fund r e d u c t i o n ,  i t  i s  becomming n e c e s s a r y  t o  change t h e  
S e r v i c e  LiEe E v a l u a t i o n  Program. The new program w i l l  c o n t i n u e  
t h e  t e s t i n g  o f  50% o f  t h e  f l e e t  by Naval d e p o t s ,  b u t  t h e  t e s t  
equipment a t  t h e  l o c a t i o n s  i s  being modif ied  t o  r ecord  t h e  meas- 
ured pa ramete r s  on magnetic t a p e  t h a t  i s  compat ib le  w i t h  Lockheed 
computers  s o  t h a t  t h e  d a t a  can  be  moni tored  m e c h a n i c a l l y  f o r  d i s -  
c r e p a n c i e s  and t r e n d s ,  The program o f  s ampl ing  and expend ing  one  
s h o t  i t e m s  w i l l  be  c o n t i n u e d  and Lockheed i n t e n d s  t o  r u n  t e s t s  t o  
measure  d e g r a d a t i o n  on a l l  components t h a t  a r e  r e t u r n e d  t o  them 
f o r  r e p a i r .  
1 0 .  S p e c i a l  C o n s i d e r a t i o n s  I t e m s  Drawing 
The S p e c i a l  C o n s i d e r a t i o n s  I t e m s  Drawing (SCID) i s  used  by t h e  
M a r t i n  M a r i e t t a  C o r p o r a t i o n  t o  d e f i n e  t h e  r e q u i r e m e n t s  and s p e c i a l  
c o n s i d e r a t i o n s  a p p l i c a b l e  t o  s p e c i f i c  hardware  o f  t h e  T i t a n  111 
f a m i l y  n e c e s s a r y  t o  a c h i e v e  f l i g h t  r e l i a b i l i t y .  A l l  a i r b o r n e  and 
ground i t e m s  t h a t  have  s p e c i a l  r e q u i r e m e n t s  o r  l i m i t a t i o n s  a r e  
c o v e r e d .  The c r i t e r i a  f o r  component s e l e c t i o n  f o r  i n c l u s i o n  a r e  
a s  f o l l o w s :  
" a .  AGEIAVE i t e m s  t h a t  must f u n c t i o n  p r o p e r l y  f rom 
t h e  f i n a l  countdown t h r o u g h  f l i g h t  f o r  m i s s i o n  s u c c e s s .  
"b.  AVE i n s t r u m e n t a t i o n  and t r a c k i n g  and f l i g h t  s a f e .  
t y  i t e m s  r e q u i r e d  t o  o b t a i n  s i g n i f i c a n t  d a t a  f o r  e v a l u a -  
t i o n  o f  m i s s i o n  o b j e c t i v e s .  
" c .  O p e r a t i o n a l  c o n t r o l  l e v e l s ,  end i t e m s ,  s u b s y s -  
t ems ,  and components t h a t  r e q u i r e  AFT0 and DD 829-1 Forms 
i n  a c c o r d a n c e  w i t h  SSD E x h i b i t  66-1 .  
" d .  I t e m s  r e q u i r i n g  c o n t a m i n a t i o n  c o n t r o l .  
" e .  I t e m s  hav ing  s p e c i a l  p a c k a g i n g ,  h a n d l i n g  o r  s t o r -  
a g e  r e q u i r e m e n t s  t o  p r e v e n t  d e g r a d a t i o n  o f  r e l i a b i l i t y .  
" f .  I t e m s  hav ing  one  o r  more o f  t h e  f o l l o w i n g  t i m e /  
c y c l e  l i m i t a t i o n s :  
1) C a l e n d a r  L i f e  
2) S h e l f  L i f e  
3 )  O p e r a t i o n  L i f e / C y c l e  
4 )  Envi ronmen ta l  Accep tance  T e s t  V i b r a t i o n  Lim- 
i t a t i o n .  
"The f o l l o w i n g  c r i t e r i a  a r e  used i n  a d d i t i o n  t o  t h e  above c r i -  
t e r i a  f o r  t h e  s e l e c t i o n  o f  c r i t i c a l  i t e m s :  
" a .  S a f e t y  C r i t i c a l  (SC) - AVE i t e m s  f o r  which a  s i n -  
g l e  f a i l u r e  w i l l  r e s u l t  i n  an  a b o r t  w i t h  warning 
t ime l e s s  than  2 seconds .  SC i s  a p p l i c a b l e  o n l y  
on t h e  T i t a n  I I I M  Program. 
"b .  Miss ion  C r i t i c a l  (MC) AVE items f o r  which a  
s i n g l e  f a i l u r e ,  o r  doub le  f a i l u r e  of  t h e  same 
f a i l u r e  mode i n  a  r edundan t  c i r c u i t ,  w i l l  r e s u l t  
i n  a  miss ion  a b o r t .  
" c .  Launch C r i t i c a l  (LC) - AVEfAGE i t e m s  f o r  which a  
s i n g l e  f a i l u r e  w i l l  r e s u l t  i n  a  l aunch  hold  d u r -  
i n g  f i n a l  countdown and t h e  expected o c c u r r e n c e  
i s  g r e a t e r  than  one hold  p e r  10,000 l a u n c h e s .  
" d .  Time/Cycle S e n s i t i v e  (TC) - I t e m s  having one o r  
more o f  t h e  f o l l o w i n g  t i m e f c y c l e  l i m i t a t i o n s :  
1)  Ca lendar  L i f e  
2)  S h e l f  L i f e  
4) Environmental  Acceptance  T e s t  V i b r a t i o n .  
" e .  Miss ion  I n s t r u m e n t a t i o n  (MI) - AVEIAGE i n s t r u -  
menta t ion  and t r a c k i n g  and f l i g h t  s a f e t y  i t e m s  
r e q u i r e d  t o  o b t a i n  s i g n i f i c a n t  d a t a  f o r  e v a l u a -  
t i o n  o f  miss ion  o b j e c t i v e s .  I t e m s  c l a s s i f i e d  a s  
M I  which f a i l  p r i o r  t o  l aunch  s h a l l  n o t  be f lown,  
b u t  s h a l l  be r e p l a c e d f r e p a i r e d  p r i o r  t o  l aunch .  
" f .  I t ems  t h a t  a r e  c l a s s i f i e d  a s  b u l k  i t e m s ,  s o f t  
consumables and o p e r a t i n g  m a t e r i a l s  and s u p p l i e s  
s h a l l  n o t  be inc luded . "  (Ref 2)  
The SCID i s  prepared and mainta ined by t h e  L o g i s t i c s  S e c t i o n  
o f  t h e  Eng ineer ing  O p e r a t i o n s  and L o g i s t i c s  Department w i t h  i n p u t s  
a s  r e q u i r e d  from t h e  e n g i n e e r i n g  d e p a r t m e n t s ,  and i s  implemented 
by a l l  a f f e c t e d  company o r g a n i z a t i o n s  a s  d i r e c t e d  by o p e r a t i o n s  
d i r e c t i v e s  and s t a n d a r d  p r o c e d u r e s .  The o r g a n i z a t i o n s  use  t h e  
s p e c i f i e d  r e q u i r e m e n t s f l i m i t a t i o n s  when o r d e r i n g ,  r e c e i v i n g ,  han- 
d l i n g ,  s t o r i n g ,  r e p a i r i n g ,  t e s t i n g ,  and approving hardware a s  w e l l  
a s  d u r i n g  p r e p a r a t i o n  of d a t a  p r o d u c t s  r e q u i r e d  t o  s u p p o r t  any of 
t h e  above f u n c t i o n s .  A f f e c t e d  depar tments  p r e p a r e  o r  r e v i s e  i n -  
t e r n a l  o p e r a t i n g  p r a c t i c e s ,  p r o c e d u r e s ,  p r o c e s s  p l a n s ,  shop f o l d -  
e r s ,  l o g  books,  and r e l a t e d  i n s t r u c t i o n s  t o  e n s u r e  t h a t  t h e  r e -  
q u i r e m e n t s / l i m i t a t i o n s  a r e  implemented.  Sample SCID pages and an 
e x p l a n a t i o n  o f  t h e  e n t r i e s  a r e  p r e s e n t e d  i n  Appendix D .  
B .  PROPOSED FUNCTIONAL SEQUENCE 
The flow c h a r t  i n  Fig. I V - 1  p r e s e n t s  a  proposed sequence of 
management and s u p p o r t  f u n c t i o n s  f o r  t h e  c o n t r o l  of  components 
s u b j e c t ' t o  ag ing  d e g r a d a t i o n .  The sequence i s  a  composi te  o f  f e a -  
t u r e s  o f  s e v e r a l  of  t h e  sys tems encountered d u r i n g  t h e  s u r v e y ,  and 
i s  n o t  used i n  t h i s  s p e c i f i c  format  by any o f  t h e  o r g a n i z a t i o n s  
su rveyed .  
The fo l lowing  pa ragraphs  d i s c u s s  each  segment of  t h e  c h a r t ,  
d e s c r i b i n g  t h e  proposed f u n c t i o n ,  t h e  r e a s o n i n g  behind t h e  func-  
t i o n ,  a l t e r n a t i v e  approaches ,  and o t h e r  f a c t o r s  t aken  i n t o  cons id -  
e r a t i o n .  Methods o f  accomplishment a r e  mentioned where a p p r o p r i a t e ,  
b u t  t h e  d e t a i l e d  d i s c u s s i o n  o f  t h e s e  methods i s  l o c a t e d  i n  s u b s e -  
quent  s e c t i o n s  of t h i s  r e p o r t .  
Var ious  a l t e r n a t i v e s  t o  t h e  f u n c t i o n s  and sequence shown may 
be found i n  Chapter  IV.A, which d e s c r i b e s  sys tems i n  use  by some 
o f  t h e  o r g a n i z a t i o n s  su rveyed .  
1 .  E s t a b l i s h  Cont ro l  O r g a n i z a t i o n  
Most of  t h e  sys tem c o n t r a c t o r s  surveyed had a n  o r g a n i z a t i o n a l  
u n i t  r e s p o n s i b l e  f o r  component l i f e  c o n t r o l .  However, t h e  commit- 
t e e  approach seems more p r a c t i c a l  f o r  t h e  MSFC S a t u r n  o r g a n i z a t i o n .  
Committee membership can i n c l u d e  t h e  s t a g e  program o r g a n i z a t i o n s  
a s  w e l l  a s  t h e  v a r i o u s  e n g i n e e r i n g ,  q u a l i t y ,  and r e l i a b i l i t y  o r -  
g a n i z a t i o n s .  The committee approach should  s i m p l i f y  t h e  e s t a b -  
l i s h m e n t  o f  l i n e s  o f  a u t h o r i t y  t o  a s s u r e  a  c o n s i s t e n t  approach t o  
component l i f e  and c o n t r o l  th roughout  t h e  s t a g e s  and subsys tems .  
I t  i s  impor tan t  t h a t  a u t h o r i t y  be e s t a b l i s h e d  t o  a l l o w  t h e  
c o n t r o l  o r g a n i z a t i o n  t o  r e q u e s t  and r e c e i v e  i n p u t s ,  and t o  e s t a b -  
l i s h  a c t i o n s  t o  be accomplished by t h e  f u n c t i o n s  r e q u i r e d  t o  sup- 
p o r t  a  component l i f e  c o n t r o l  program. 
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2 .  A s s i a n  Areas  o f  R e s p o n s i b i l i t y  
T h i s  f u n c t i o n  i s  s e l f - e x p l a n a t o r y .  I t  i s  sugges ted  t h a t  t h e  
b a s i c  a l ignment  o f  component r e s p o n s i b i l i t y  be by subsystem t o  
a s s u r e  s i m i l a r  t r e a t m e n t  a c r o s s  t h e  f i v e  s t a g e s .  O t h e r  r e s p o n s i -  
b i l i t i e s  may be a r ranged  i n  t h e  most conven ien t  manner.  
3 .  Def ine  L i f e  S e n s i t i v e  Components 
Committee members r ev iew a l l  components o f  a s s i g n e d  subsystems 
E x i s t i n g  l i s t s  o f  component l i f e  l i m i t s  should  be reviewed t o  a s -  
s u r e  t h a t  l i m i t s  a r e  r e a s o n a b l e  and c o n s i s t e n t .  A l l  o t h e r  compo- 
n e n t s  should  be reviewed t o  a s s u r e  t h a t  a l l  age  s e n s i t i v e  i t e m s  
t h a t  may be a f f e c t e d  by extended s t a g e  s t o r a g e  a r e  p laced  on t h e  
component l i f e  c o n t r o l  l i s t .  Government-furnished equipment a s  
w e l l  a s  c o n t r a c t o r - f u r n i s h e d  hardware should  be covered by t h e s e  
r e v i e w s .  Suppor t  should  be o b t a i n e d ,  a s  r e q u i r e d ,  from d e s i g n  
e n g i n e e r s ,  m a t e r i a l s  e n g i n e e r s ,  and r e l i a b i l i t y  e n g i n e e r s .  
I t  i s  suggested t h a t  d a t a  s h e e t s  be prepared f o r  each  compo- 
nent  (by PIN) t o  document t h e  d e c i s i o n s ,  j u s t i f i c a t i o n s ,  and ap-  
p r o v a l s  through t h e  f low of  committee a c t i v i t y .  Examples o f  d a t a  
s h e e t s  i n  use  a r e  provided i n  Appendix D .  
4 .  Review C r i t i c a l i t y  o f  Components 
A l l  components should  be r a t e d  f o r  c r i t i c a l i t y .  The r a t i n g  
sys tem should be s t a n d a r d  a c r o s s  a l l  s t a g e s .  Where t h e  same p a r t  
i s  used i n  more than  one a p p l i c a t i o n  o r  l o c a t i o n ,  t h e  c r i t i c a l i t y  
should be e s t a b l i s h e d  f o r  each  usage and t h e  number o f  p a r t s  a t  
each c r i t i c a l i t y  l e v e l  i n d i c a t e d ,  e i t h e r  by s t a g e  o r  by complete  
v e h i c l e .  Suppor t  may be r e q u i r e d  from d e s i g n  e n g i n e e r i n g  and s y s -  
tems e n g i n e e r i n g .  
5 .  Determine Cost  E f f e c t i v e n e s s  
Cost  d a t a  should be accumulated on components t h a t  might r e -  
q u i r e  replacement  b e f o r e  l a u n c h  because  o f  c a l e n d a r  l i f e  o r  o p e r -  
a t i n g  l i f e  e x p i r a t i o n .  Suppor t  may be r e q u i r e d  from l o g i s t i c s  
and m a i n t a i n a b i l i t y  e n g i n e e r s .  Replacement c o s t s ,  a v a i l a b i l i t y ,  
r e f u r b i s h m e n t  c o s t  e s t i m a t e s ,  r e t e s t  c o s t  e s t i m a t e s ,  and s i m i l a r  
i n f o r m a t i o n  a r e  r e q u i r e d  t o  a s s i s t  i n  d e c i s i o n s  concern ing  d i s p o -  
s i t i o n  of t h e  e x p i r e d  p a r t .  
6 .  S e l e c t  Components f o r  L i f e  Ex tens ion  
and 
7 .  D e c i s i o n  t o  Condemn 
With t h e  i n f o r m a t i o n  accumulated d u r i n g  t h e  preceding a c t i v -  
i t i e s ,  t h e  l i m i t e d  l i f e  components a r e  d i v i d e d  i n t o  c a t e g o r i e s  f o r  
l i f e  e x t e n s i o n  programs o r  condemnation.  F a c t o r s  a f f e c t i n g  t h e  
d e c i s i o n s  i n c l u d e  c o s t ,  a v a i l a b i l i t y ,  and imposed l i m i t s .  
Cos t  - M i l i t a r y  o r g a n i z a t i o n s  and d e f e n s e  c o n t r a c t o r s  u s u a l l y  
u s e  a  g u i d e l i n e  o f  65%maximum f o r  c o s t  of  r e f u r b i s h m e n t  and r e -  
c e r t i f i c a t i o n  v e r s u s  c o s t  of  r ep lacement .  The minimum c o s t  of  a  
component c o n s i d e r e d  f o r  l i f e  e x t e n s i o n  v a r i e d  r a t h e r  w i d e l y ,  w i t h  
a n  a v e r a g e  i n  t h e  $100 t o  $500 r a n g e .  
A v a i l a b i l i t y  - Long procurement l e a d  t ime i t e m s ,  i t ems  no 
l o n g e r  a v a i l a b l e ,  o r  new procurement i t e m s  t h a t  might r e q u i r e  
r e q u a l i f i c a t i o n  a r e  u s u a l l y  cons ide red  f o r  l i f e  e x t e n s i o n  wi th  
t h e  c o s t  f a c t o r  secondary .  
Imposed L i m i t s  - I f  t h e  l i m i t s  imposed on a  component seem 
u n r e a s o n a b l e ,  o r  a r e  "program l imi t s"  ( c a l e n d a r  l i f e  l i m i t s  t h a t  
a r e  t h e  same a s  c o n t r a c t  l i m i t s  f o r  t h e  sys tem o r  program),  a  
change o f  t h e  l i m i t s  may be c o n s i d e r e d .  Components t h a t  must be  
condemned upon e x p i r a t i o n  of l i f e  l imi t s  should  be cons ide red  fo r  
a  change of  l i m i t s .  
Components condemned a s  f l i g h t  hardware a r e  o f t e n  used f o r  
t e s t  purposes  a s  "hangar queens ,"  o r  he ld  f o r  aging s u r v e i l l a n c e  
t e s t i n g .  
8 .  Approval  by Component L i f e  Committee 
The f u l l  committee should  review and approve d e c i s i o n s  made 
d u r i n g  t h e  a c t i v i t y  o f  b l o c k s  3 t h r u  7 .  
9 .  C o l l e c t  and Review H i s t o r i c a l  Data 
A f t e r  a  component i s  s e l e c t e d  and approved f o r  a  l i f e  e x t e n -  
s i o n  program, a  f i l e  should  be prepared c o n t a i n i n g  a v a i l a b l e  d a t a  
concern ing  t h e  component. A summary o f  age and o p e r a t i n g  t imes  
f o r  each  s e r i a l  number should  be developed f o r  t h i s  f i l e .  F a i l u r e  
d a t a  and f a i l u r e  a n a l y s i s  r e p o r t s  shou ld  be accumulated.  Mainte-  
nance and m a i n t a i n a b i l i t y  i n f o r m a t i o n  may be i n c l u d e d  i f  a v a i l a b l e .  
Any d a t a  r e l a t i v e . t o  p e r f o r m a n c e  o f  t h e  component  t h r o u g h  p r o d u c -  
t i o n ,  t e s t ,  and m i s s i o n  s h o u l d  b e  summarized i n  t h i s  f i l e .  T h e  
i n f o r m a t i o n  a c c u m u l a t e d  w i l l  be  u s e f u l  i n  d e v e l o p i n g  t h e  s p e c i f i c  
l i f e  e x t e n s i o n  program f o r  e a c h  component  ( b y  p a r t  numbe r ) ,  whe th -  
e r  t h e  p roposed  e x t e n s i o n  i s  a  c h a n g e  i n  l i m i t s  o r  a  m a i n t e n a n c e  
o r  r e c e r t i f i c a t i o n  a c t i o n .  
10 .  Concur  w i t h  R e ~ r o v i s i o n  A c t i o n  
I f  t h e  p r e v i o u s  e v a l u a t i o n s  r e s u l t e d  i n  a  d e c i s i o n  t o  condemn 
a  component  on  e x p i r a t i o n  o f  i t s  l i f e  l i m i t s ,  t h e  q u a n t i t y  and 
l i f e  s t a t u s  o f  s p a r e s  mus t  b e  r e v i e w e d .  T h e  l o g i s t i c s  s u p p o r t  
f u n c t i o n  s h o u l d  a d v i s e  t h e  commi t t e e  w h e t h e r  t h e  s u p p l y  o f  s p a r e s  
i s  a d e q u a t e  o r  a d d i t i o n a l  p r o c u r e m e n t  i s  r e q u i r e d .  I f  i t  i s  d e -  
t e r m i n e d  t h a t  a n  a d d i t i o n a l  number o f  t h e  components  must  be  p r o -  
c u r e d ,  t h e  Component L i f e  Commit tee  s h o u l d  a s s u r e  i f s e l f  t h a t  com- 
p o n e n t  l i f e  f a c t o r s  and p rocu remen t  s c h e d u l e s  h a v e  been  c o o r d i n a t e d  
w i t h  program r e q u i r e m e n t s .  
11. Aging  Modes E f f e c t s  A n a l y s i s  
The  a g i n g  modes e f f e c t s  a n a l y s i s  i s  d e s c r i b e d  i n  S e c t i o n  A.5 
o f  t h i s  c h a p t e r .  I t  i s  s u g g e s t e d  f o r  u s e  i n  t h i s  s e q u e n c e  a s  a  
t o o l  t o  a i d  i n  d e t e r m i n i n g  t h e  a p p r o p r i a t e  t e c h n i q u e s  f o r  e x t e n d -  
i n g  component  l i f e .  
1 2 .  F a i l u r e  Mechanism S t u d y  
F a i l u r e  mechanisms and r e l a t e d  r e l i a b i l i t y  i n f o r m a t i o n  s h o u l d  
b e  known and u n d e r s t o o d  f o r  e a c h  component  b e f o r e  d e t e r m i n i n g  t h e  
a p p r o a c h  and t e c h n i q u e s  t o  b e  used  f o r  e x t e n d i n g  i t s  l i f e .  Much 
o f  t h i s  i n f o r m a t i o n  s h o u l d  a l r e a d y  b e  a v a i l a b l e  f rom d e s i g n  and 
r e l i a b i l i t y  g r o u p s .  
1 3 .  D e f i n e  Approach  t o  L i f e  E x t e n s i o n  
Us ing  t h e  r e s u l t s  o f  t h e  a g i n g  modes e f f e c t s  a n a l y s i s ,  t h e  
f a i l u r e  mechanism s t u d y ,  and any  o t h e r  a p p l i c a b l e  i n f o r m a t i o n  f r o m  
t h e  component  d a t a  f i l e ,  d e t e r m i n e  t h e  a p p r o a c h  t o  be used  i n  ex -  
t e n d i n g  t h e  l i f e  o f  e a c h  componen t .  
The  two b a s i c  a p p r o a c h e s  a r e  (1) t o  c h a n g e  t h e  e x i s t i n g  l i m i t s  
and ( 2 )  t o  r e c e r t i f y  t h e  component  f o r  a n  a d d i t i o n a l  l i f e  p e r i o d .  
The recommended t e c h n i q u e s  f o r  i m p l e m e n t i n g  l i f e  e x t e n s i o n  s h o u l d  
a l s o  be  d e f i n e d  a t  t h i s  t i m e .  I f  t h e  s e c o n d  a p p r o a c h  i s  u sed  i t  
s h o u l d  be d e t e r m i n e d  i f  t h e  a d d i t i o n a l  l i f e  p e r i o d  w i l l  be t h e  
same a s  o r  d i f f e r e n t  f rom t h e  o r i g i n a l  p e r i o d .  
1 4 .  Approval  by Component L i f e  Committee 
The committee should rev iew d e c i s i o n s  reached and t e c h n i q u e s  
recommended f o r  t h e  l i f e  e x t e n s i o n  program f o r  each  component a t  
t h i s  t ime .  
Approval  of t h e  c o r n i t t e e  should  be r e q u i r e d  b e f o r e  t h e  p ro -  
gram i s  implemented.  
1 5 .  Implement L i f e  Ex tens ion  
Fol lowing t h e  approach and t e c h n i q u e s  d e f i n e d  i n  b l o c k  13 and 
approved i n  b lock  14, proceed w i t h  t h e  l i f e  e x t e n s i o n  program. 
Ass ign  t h e  work e f f o r t  t o  t h e  a p p r o p r i a t e  f u n c t i o n  and monitor 
s c h e d u l e s  t o  a s s u r e  t i m e l y  a c t i o n .  A v a i l a b l e  t e c h n i q u e s  are d i s -  
cussed i n  S e c t i o n  C of  Chap te r  V .  
1 6 .  Ass ign New L i f e  
I n  t h e  c a s e  of  a  program aimed a t  changing t h e  l i f e  l i m i t s  o f  
a  component, t h e  new l imi t s  a r e  a s s i g n e d  a t  t h e  complet ion o f  t h e  
program and a f t e r  t h e  n e c e s s a r y  a p p r o v a l s .  
I f  t h e  program i s  one t h a t  r e c e r t i f i e s  t h e  component, t h e  
approved a d d i t i o n a l  l i f e  i s  a s s i g n e d  on comple t ion  of  t h e  r e -  
c e r t i f i c a t i o n  procedure  and v e r i f i c a t i o n  by t h e  cogn izan t  Q u a l i t y  
o r g a n i z a t i o n .  The a d d i t i o n a l  l i f e  p e r i o d  may be t h e  same a s  t h e  
o r i g i n a l ,  o r  d i f f e r e n t  a s  de te rmined  d u r i n g  p reced ing  committee 
a c t i o n .  
1 7 .  P l a n  f o r  Cont inu ing  E v a l u a t i o n  
A sys tem should  be e s t a b l i s h e d  f o r  r e c e i v i n g  p e r i o d i c  summa- 
r i e s  o f  d a t a  genera ted  d u r i n g  r e c e r t i f i c a t i o n ,  r e f u r b i s h m e n t ,  and 
o t h e r  a c t i v i t y  of  t h e  component l i f e  e x t e n s i o n  programs. 
The d a t a  f i l e s  e s t a b l i s h e d  i n  b l o c k  9 should  be con t inued  and 
k e p t  c u r r e n t .  A p l a n  should  be developed f o r  a  c o n t i n u i n g  o r  pe- 
r i o d i c  review t o  add components t o  o r  d e l e t e  them from t h e  l i m i t e d -  
l i f e  l i s t s  o r  t o  update  t h e  l i f e  e x t e n s i o n s  programs a s  a p p r o p r i a t e  
1 8 .  Approval  by Component L i f e  Committee 
The p lan  f o r  c o n t i n u i n g  a c t i o n  should  be reviewed by t h e  com- 
m i t t e e  and approved f o r  implementa t ion .  
C . MANAGEMEW TECHNIQUES 
Much of  t h e  e f f o r t  involved i n  a  component l i f e  c o n t r o l  pro-  
gram c o n s i s t s  o f  accumula t ing  d a t a ,  moni to r ing  f o r  compliance w i t h  
d e c i s i o n s ,  and a s s i g n i n g  work i t ems  when r e q u i r e d .  S e v e r a l  mecha- 
n ized  systems f o r  accompl i sh ing  t h e s e  e f f o r t s  were observed d u r i n g  
t h e  s u r v e y .  The sys tems v a r i e d  i n  complex i ty  w i t h  t h e  s i m p l e r  
systems p r o v i d i n g  o n l y  moni to r ing  and s c h e d u l i n g  c a p a b i l i t y .  
The c o n t r o l  o r g a n i z a t i o n  must have t h e  a u t h o r i t y  t o  o b t a i n  
a l l  o f  t h e  documents,  r e p o r t s ,  and r e c o r d s  needed t o  make a 
mechanized sys tem perform i t s  f u n c t i o n .  
A l l  of t h e  S a t u r n  c o n t r a c t o r s  and MSFC groups  t h a t  have under-  
taken programs o r  t a s k s  r e l a t i n g  t o  s t o r a g e  o r  component l i f e  from 
the  m a t e r i a l  l e v e l  on up t o  t h e  system l e v e l  should  be r e q u i r e d  t o  
n o t i f y  t h e  Component L i f e  Committee of t h e  n a t u r e  o f  t h e  program 
and t o  j u s t i f y  any  r e s u l t s  o r  c o n c l u s i o n s  r e a c h e d .  C o n t r a c t o r s  on 
f u t u r e  p r o j e c t s  should  be r e q u i r e d  t o  i n t e r f a c e  w i t h  t h i s  committee 
on a p e r i o d i c  b a s i s  s t a r t i n g  w i t h  t h e  d e s i g n  phase .  
Summaries of  hardware U n s a t i s f a c t o r y  C o n d i t i o n  R e p o r t s  should  
be a v a i l a b l e  t o  t h e  committee o n  a  r e g u l a r  b a s i s .  The cormnittee 
should  be a u t h o r i z e d  t o  recommend o r  r e q u i r e  f a i l u r e  a n a l y s i s  o f  
nonconformance hardware i f  a g i n g  o r  wearout  i s  s u s p e c t e d  a s  a  
c a u s e .  
V. LIFE LIMITED HARDWARE 
A. FACTORS AFFECTING COMPONENT LIFE 
The principal factors of component degradation are calendar 
aging, and operation (wearout). Contributing factors are environ- 
ment, design limitations, and handling. These factors operate or 
exist continually during the programed life of the component. 
1. Environment 
Environment cannot be avoided and is one factor that receives 
the most attention. 
Two of the best publicized environmental studies in recent 
years concern equipment removed from "My Gal Sal", a B - 1 7  down on 
the Arctic icecap for 23 years, and "Lady Be Good", a B-24 that had 
lain in the North African desert for 17 years. 
The Arctic environment was estimated to range from -78°F to 
+35'F and from 55% to 95% relative humidity. 
"The instruments and material samples were sent to the 
Materials Laboratory at Wright Field. Preliminary in- 
spections of these instruments showed them to be in ex- 
cellent condition with them meeting the calibration re- 
quirements of new pieces of equipment. 
"The four pieces of hydraulic equipment were returned 
to Vickers for examination and inspection. It was found 
that this accumulator still contained all of its normal 
air precharge of 325 psi. A similar accumulator recov- 
ered from the "Lady Be Good" B-24 aircraft after 17 years 
in the North African Desert did not contain an air pre- 
charge, even though the accumulator and diaphragm were 
in excellent condition. It would appear from this that 
the higher humidity was beneficial in providing a con- 
tinuous seal. 
"The disassembled accumulator showed the rubber diaphragm 
to be in excellent condition -- still soft and pliable, 
with no bubbles on the rubber surface evident. There was 
no external leakage with this accumulator under a cycling 
pressure condition. 
"The AA-16801 V i c k e r s  B a l l  T u r r e t  Transmiss ion  b o r e  no 
e x t e r n a l  s i g n s  o f  d e t e r i o r a t i o n  o r  c o r r o s i o n .  The u n i t  
was o p e r a t e d  i n  t h e  L a b o r a t o r y  and found t o  meet t h e  r e -  
qu i rement s  o f  a  new u n i t .  
"One o f  t h e  performance o p e r a t i o n a l  r e q u i r e m e n t s  o f  t h i s  
t r a n s m i s s i o n  i s  t h a t  under  a  no- load c o n d i t i o n ,  t h e  maxi- 
mum o u t p u t  speed o f  t h e  t r a n s m i s s i o n  s h a l l  be from 28.5 
p e r c e n t  t o  31 .5  p e r c e n t  o f  t h e  i n p u t  speed.  On t e s t ,  
t h i s  u n i t  was s l i g h t l y  b e t t e r  t h a n  ave rage  f o r  a  new u n i t  
c o n d i t i o n ,  producing 30.8 p e r c e n t  o f  t h e  i n p u t  speed.  
Another  r equ i rement  i s  t h a t  under  t h e  maximum load  con- 
d i t i o n  o f  1100 p s i ,  t h e  o u t p u t  speed s h a l l  d e c r e a s e  no 
more t h a n  200 rpm. Under t h e s e  c o n d i t i o n s ,  t h e  speed 
d r o p  was 200 rpm. The r u b b e r  l i p  type  s h a f t  s e a l  ap- 
peared t o  have  a  s l i g h t  swea t ing ,  b u t  i n s u f f i c i e n t  t o  
form a  drop.  T h i s  c o n d i t i o n  would have passed t h e  pro- 
d u c t i o n  t e s t .  
"Upon d i s a s s e m b l y ,  t h e  t r a n s m i s s i o n  appeared  t o  be i n  ex- 
c e l l e n t  c o n d i t i o n .  The b e a r i n g s  a l l  appeared t o  be b r i g h t  
and s h i n y  and showed no s i g n s  o f  d e t e r i o r a t i o n .  A l l  t h e  
p a r t s  appeared t o  be i n  a  new c o n d i t i o n .  The e x t e r n a l  
s u r f a c e  o f  t h e  s e a l  r e t a i n e r  showed some minor c o r r o s i o n  
c o n d i t i o n s .  
"The e n g i n e - d r i v e n  pump t e s t e d  s a t i s f a c t o r i l y  and pumped 
4.4 g a l l o n s  p e r  minute  a t  4000 rpm a t  1000 p s i .  A t  t h e  
beg inn ing  o f  t h e  t e s t  r u n  t h e r e  was some e x t e r n a l  s h a f t  
s e a l  l e a k a g e ,  b u t  t h i s  t h e n  reduced t o  z e r o  s h a f t  s e a l  
l e a k a g e  a f t e r  approx imate ly  f i v e  t o  t e n  minutes  of ope r -  
a  t i o n .  
"From t h e  p r e l i m i n a r y  r e s u l t s  o f  t h e s e  i n v e s t i g a t i o n s ,  
i t  can be concluded t h a t  h y d r a u l i c  systems c a n  w i t h -  
s t a n d  many y e a r s  o f  normal e a r t h  env i ronments .  
"I t  a p p e a r s  t h a t  s e a l s  i n  t a c t i c a l  m i l i t a r y  v e h i c l e s  
such a s  ICBM m i s s i l e s  might  be changed o v e r  a  5-10 
y e a r  p e r i o d  o f  t ime i n s t e a d  of t h e  p r e s e n t  2 y e a r  p e r i -  
od o f  t ime.  It i s  b e l i e v e d  t h a t  t h i s  and o t h e r  s imi -  
l a r  accumulated  d a t a  w i l l  f u r t h e r  p rov ide  the  a e r o s p a c e  
i n d u s t r y  w i t h  much a d d i t i o n a l  i n f o r m a t i o n  f o r  t h e  con- 
t i n u i n g  development o f  a e r o s p a c e  a i r c r a f t  and space  ve- 
h i c l e s . "  (Ref 9 ) .  
The d e s e r t  environment o f  "Lady Be Good" ranged from a  p o s s i -  
b l e  w i n t e r  n i g h t  t empera tu re  of 26°F t o  a  summer day t empera tu re  
of  120°F and from 5 t o  10% r e l a t i v e  humidi ty  i n  t h e  daytime and 
p o s s i b l y  a s  h i g h  a s  36% r e l a t i v e  humid i ty  a t  n i g h t .  
"The t empera tu res  p r e v i o u s l y  mentioned were a  few f e e t  
o f f  t h e  ground,  and d u r i n g  t h e  middle  o f  t h e  day t h e  ac- 
t u a l  d e s e r t  sand t empera tu re  on t h e  s u r f a c e  of  t h e  sand 
may r e a c h  a  maximum o f  185'F. I n  t h e  c a s e  o f  da rk  c o l o r ,  
t h i n ,  i n s u l a t e d  m a t e r i a l ,  t empera tu res  up t o  215°F i n  t h e  
sun have been a t t a i n e d .  However, aluminum, wi th  i t s  ex- 
c e l l e n t  c o n d u c t i v i t y ,  would l i k e l y  have a  s l i g h t l y  lower 
f i g u r e ,  so t h a t  t e m p e r a t u r e s  of  t h e  bottom s u r f a c e  of  
s t r u c t u r a l  components, such a s  wings and e n g i n e s ,  prob- 
a b l y  reached maximum v a l u e s  o f  150°F t o  200°F, depending 
upon t h e  amount o f  conduc t ion  t a k i n g  place .  S o l a r  r a d i -  
a t i o n  a t  approx imate ly  mid-day i n  summer d e s e r t  weather  
h a s  been found t o  be approx imate ly  94 l a n g l e y s  p e r  hour.  
"The i n s p e c t i o n  and a n a l y s i s  o f  t h e  16 mechanical  i t ems  
removed from t h i s  a i r c r a f t  was done i n  c o n j u n c t i o n  w i t h  
t h e  Wright A i r  Development D i v i s i o n ,  a t  Wright F i e l d .  
S i n c e  t h e r e  was a  d u p l i c a t i o n  of  many t y p e s  o f  equ ip -  
ment, t h a t  i s ,  we had two p i s t o n  u n i t s ,  s e v e r a l  smal l  
c y l i n d e r s ,  two l a r g e  c y l i n d e r s ,  two check v a l v e s ,  e t c ;  
i t  was decided t o  d i v i d e  t h e  equipment i n t o  two s e c t i o n s  
and t e s t  one group a s  i s ,  and deassemble and i n s p e c t  one 
group a s - i s .  
" P r i o r  t o  t e s t ,  a  v i s u a l  i n s p e c t i o n  of  t h e  Vickers  PF-713 
main system pump showed i t  t o  be i n  e x c e l l e n t  c o n d i t i o n .  
E x t e r n a l l y  t h e r e  was some sand c l i n g i n g  t o  t h e  u n i t ,  b u t  
i t  showed no ev idences  of c o r r o s i o n  o r  p i t t i n g  of  t h e  ex- 
t e r n a l  s u r f a c e s .  The pump d r i v e  s h a f t  tu rned  ve ry  f r e e l y  
by hand. 
" P r i o r  t o  d i sassembly  t h i s  pump was g i v e n  a  s t a n d a r d  pro- 
d u c t i o n  t y p e  t e s t  w i t h  t h i s  u n i t  meet ing t h e  d e l i v e r y  r e -  
qu i rements  of a  new u n i t .  There was z e r o  s h a f t  s e a l  l eak-  
age. As an example, a  new pump i s  r e q u i r e d  t o  have a  .497 
t o  .507 c u b i c  i n c h e s  per  r e v o l u t i o n  d i sp lacement  a t  1000 
p s i .  T h i s  u n i t ,  upon t e s t ,  was found t o  have a  .502 c u b i c  
i n c h e s  per r e v o l u t i o n  d i s p l a c e m e n t ,  which i s  t h e  e x a c t  
median o f  t h e  d i sp lacement  l i m i t .  An examinat ion of  t h e  
c o u p l i n g  s h a f t  showed t h e  e x t e r n a l  g r e a s e  c o a t i n g  t o  be 
s o f t  and p l i a b l e .  
"Disassembly of t h e  pump showed i t  t o  be  i n  e x c e l l e n t  
c o n d i t i o n .  The b e a r i n g s ,  a s  w e l l  a s  a l l  o t h e r  m e t a l  
s u r f a c e s ,  were i n  b r i g h t  s h i n y  c o n d i t i o n ;  t h e  s h a f t  s e a l  
rubber  s e a l i n g  e lement  was i n  good s o f t  p l i a b l e  condi-  
t i o n ,  a s  were t h e  two hous ing  g a s k e t s .  
"The MF-713 Vickers  bottom t u r r e t  r e t r a c t i o n  motor was 
d i sassembled  i n  an  a s - i s  c o n d i t i o n .  Due t o  t h e  p o s i t i o n  
of  t h i s  motor a t  t h e  t ime o f  t h e  c r a s h ,  a l l  t h r e e  hydrau- 
l i c  l i n e s ,  i n l e t ,  o u t l e t ,  and c a s e  d r a i n ,  were  shea red  
o f f  a t  t h e  u n i t  f i t t i n g s .  
" E x t e r n a l l y  t h e  motor was q u i t e  caked w i t h  sand,  which 
accounted f o r  some d i s c o l o r a t i o n  on t h e  housing.  How- 
e v e r ,  t h e  d r i v e  s h a f t  t u r n e d  f r e e l y  by hand. The s h e a r -  
i n g  o f  t h e s e  h y d r a u l i c  l i n e s  then  p e r m i t t e d  a l l  t h r e e  
p o r t s  t o  be open d u r i n g  t h i s  17 y e a r  pe r iod .  Upon d i s -  
assembly of  t h i s  motor, a l l  p a r t s  were found t o  be  i n  ex- 
c e l l e n t  mechanical  c o n d i t i o n .  There  was a n  e x c e l l e n t  
c o a t i n g  of  r e d  h y d r a u l i c  f l u i d ,  i n  v e r y  good c o n d i t i o n ,  
on a l l  p a r t s .  Due t o  t h e  open p o r t s ,  a  f a i r  amount of  
sand had d r i f t e d  i n t o  t h e  i n t e r n a l  p a r t s  of  t h e  u n i t .  
"The motor was i n  ve ry  good mechanical  c o n d i t i o n ,  w i t h  
a l l  me ta l  p a r t s  b r i g h t  and s h i n y ,  and t h e  s h a f t  s e a l  s o f t  
and p l i a b l e .  The u n i t  was t h e n  reassembled  i n  a n  a s - i s  
c o n d i t i o n ,  w i t h  no a t t e m p t  t o  l a p  t h e  v a l v i n g  s u r f a c e s  o r  
r e p l a c e  t h e  s h a f t  s e a l .  This  u n i t  a l s o  met t h e  e f f i c i e n c y  
r e q u i r e m e n t s  of  a  new u n i t .  However, t h e  s h a f t  s e a l  l e a k a g e  
was above t h e  one d rop  p e r  10 minute  s p e c i f i c a t i o n ,  which, 
was due t o  a  s c r a t c h  p r e v i o u s l y  no ted  i n  t h e  d r i v e  s h a f t .  
"The 5 - inch  d iamete r  Vickers  accumulator  had some d i s -  
c o l o r a t i o n  on t h e  housing due t o  f l u i d  l e a k i n g  down on 
t o p  of  i t  a s  a  r e s u l t  o f  t h e  c r a s h ,  and t h e n  b e i n g  d r i e d  
i n  t h a t  c o n d i t i o n .  T h i s  may have been a c i d  from a  b a t t e r y .  
A p r e l i m i n a r y  check o f  t h e  accumulator  showed t h a t  a  f u l l  
a i r  cha rge  cou ld  n o t  be main ta ined  f o r  a  p e r i o d  o f  t i m e ,  
due t o  a i r  l eakage  a t  t h e  r i m  t h r e a d s .  The accumulator  
was d i sassembled ,  and t h e  i n t e r n a l  two s h e l l  and rubber  
diaphragm appeared t o  be i n  v e r y  s e r v i c e a b l e  c o n d i t i o n .  
The diaphragm was s o f t  and p l i a b l e .  Upon r e p l a c i n g  t h e  
o r i g i n a l  diaphragm, t h e  u n i t  met complete  o p e r a t i o n a l  and 
f u n c t i o n a l  t e s t  r equ i rements .  
"An i n s p e c t i o n  o f  t h e  l e f t  f l a p  a c t u a t i n g  c y l i n d e r  showed 
t h e  p i s t o n  t o  move f r e e l y ,  w i t h  a  v e r y  e x c e l l e n t  c o a t i n g  
of  h y d r a u l i c  f l u i d  found t o  be i n  it. There  was no c o r r o -  
s i o n  on any of  t h e  e x t e r n a l  o r  i n t e r n a l  p a r t s .  The "0" 
r i n g s  were s o f t  and p l i a b l e  and showed a  durometer r e a d i n g  
of  75  t o  80. The c o n d i t i o n  o f  t h i s  c y l i n d e r  was t y p i c a l  
of  t h a t  of  t h e  o t h e r  c y l i n d e r s ,  a s  a l l  of  them were found 
t o  be  i n  e x c e l l e n t  c o n d i t i o n .  I n  o t h e r  c y l i n d e r s  t h e  p i s -  
t o n  r o d  r i n g s  and pack ings  were a l l  found t o  be  i n  s o f t  
p l i a b l e  working c o n d i t i o n .  
"While we have made r a p i d  advances  i n  o u r  a i r c r a f t  and 
m i s s i l e  h y d r a u l i c  c o n t r o l  a c t i v i t y  d u r i n g  t h e  p a s t  y e a r s ,  
many o f  t h e s e  components d i d  have b a s i c  d e s i g n s  t h a t  c o u l d  
pe rmi t  e x c e l l e n t  comparison w i t h  t o d a y ' s  equipment. The 
r e s u l t s  o f  t h e s e  t e s t s  and i n s p e c t i o n s  i n d i c a t e  t h a t  i n  
p r e s e n t  m i s s i l e  h y d r a u l i c  equipment,  if humid i ty  and tem- 
p e r a t u r e  a r e  c o n t r o l l e d  i n  t h e  p r e s e n t l y  planned manner, 
t h a t  long term s i l o  s t o r a g e  would o f f e r  no f o r e s e e a b l e  
problems." (Ref 10).  
" S i m i l a r  examina t ion  and a n a l y s i s  h a s  been performed on 
equipment removed from a i r c r a f t  downed i n  t h e  j u n g l e s  o f  
t h e  Panama a r e a .  Temperature a v e r a g e s  85'F with a n  87% 
average  r e l a t i v e  humid i ty  and 148 i n c h e s  average  y e a r l y  
r a i n f a l l .  
"The equipment removed from 6 t o  24 y e a r s  s t o r a g e  i n  a  
j u n g l e  environment  showed heavy d e t e r i o r a t i o n  on assem- 
b l i e s  t h a t  were n o t  s e a l e d ,  such a s  e l e c t r i c a l  motors ,  
r a d i o  p a n e l  and t h i n  gauge s e c t i o n s .  The fungus growth 
on much o f  t h i s  equipment was heavy and damaging. On t h e  
s e a l e d  components such a s  h y d r a u l i c  pumps, d e t e r i o r a t i o n  
was o n l y  p a r t i a l  w i t h  some of  t h e  u n i t s  s t i l l  o p e r a b l e .  
The "0" r i  ngs were i n  good c o n d i t i o n  and s t i l l  f u n c t i o n a l  
i n  most c a s e s .  
"As a  r e s u l t  of  t h e s e  env i ronmenta l  s t u d i e s ,  i t  i s  be- 
l i e v e d  t h a t  t h e  p r e s e n t  m i l i t a r y  s p e c i f i c a t i o n s  f o r  s h e l f  
l i f e  of  h y d r a u l i c  "0" r i n g s  can  be  changed from i t s  p r e s e n t  
24 t o  36 months p e r i o d  t o  5 y e a r s ,  and perhaps  w i t h  fur-  
t h e r  i n f o r m a t i o n  even t o  7 y e a r s  d u r a t i o n .  I n  d e s i g n i n g  
equipment f o r  t h e  more s e v e r e  environments  around t h e  w o r l d ,  
i t  appears  t h a t  i f  t h e  equipment can  b e  s e a l e d  o r  semi- 
s e a l e d ,  i t s  chances  of  s u r v i v i n g  long  term s t o r a g e  w i l l  be 
e x c e l l e n t . "  (Ref 11) .  
T r o p i c a l  environments  have caused some p o l y u r e t h a n e  and poly-  
a c r y l a t e  e n c a p s u l a n t s  t o  r e v e r t  t o  a  l i q u i d  s t a t e .  T e s t  performed 
a t  t h e  U. S. Naval Avion ics  F a c i l i t y  s u b j e c t e d  m a t e r i a l  t o  an  en- 
vironment of  10O0C and 95% r e l a t i v e  humidi ty .  "The r e s u l t s  of  t h i s  
extended t e s t i n g  i n d i c a t e d  t h a t  t h e  r e v e r s i o n  problem was much more 
s e v e r e  than  had been a n t i c i p a t e d . "  (Ref 12) .  S i x  o f  t h e  e l e v e n  
compounds t e s t e d  r e v e r t e d  t o  t h e  l i q u i d  s t a t e .  
High t empera tu re  and humid i ty  produce d e g r a d a t i o n ,  b u t  o t h e r  
env i ronmenta l  f a c t o r s  ( a tmospher ic  p o l l u t a n t s ,  ozone, microbes ,  
i n s e c t s ,  and an imals )  c a n  a l s o  produce s e v e r e  d e g r a d a t i o n .  Much 
i n f o r m a t i o n  concern ing  environment i s  c o n t a i n e d  i n  t h e  Phase I r e  
p o r t  and a l l  of t h e  i n f o r m a t i o n  o b t a i n e d  d u r i n g  t h i s  phase r e a f -  
f i r m s  t h e  c o n c l u s i o n s  r e p o r t e d .  
2. Design L i m i t a t i o n s  
A t  t h e  s t a r t  of  Phase I1 i t  was assumed t h a t  t h e r e  were many 
m a t e r i a l s  t h a t  would a d v e r s e l y  i n f l u e n c e  component l i f e .  As t h e  
s t u d y  p r o g r e s s e d  i t  became e v i d e n t  t h a t  t h i s  impress ion  was n o t  
e n t i r e l y  c o r r e c t .  The m a t e r i a l s  t h a t  a f f e c t  component l i f e  have 
been de te rmined  t o  be r e l a t i v e l y  few and f i t  i n t o  one o r  more of  
t h e  f o l l o w i n g  c a t e g o r i e s :  e l a s t o m e r s ,  ordnance,  b a t t e r i e s ,  l u b r i -  
c a n t s ,  s t r e s s  c o r r o s i o n  s e n s i t i v e  m a t e r i a l s ,  and r a d i o  a c t i v e  com- 
ponen t s .  The s t u d y  h a s  a l s o  i n d i c a t e d  t h a t  e l a s t o m e r i c s  ( s e a l s ,  
g a s k e t s ,  O- r ings ,  e t c )  a g i n g  h a s  been overemphasized,  and i n  f a c t  
h a s  been e x c e s s i v e l y  c o n s e r v a t i v e .  
The major f a c t o r s  i n f l u e n c i n g  component l i f e  a r e  t h e  env i ron-  
ment and o p e r a t i o n / h a n d l i n g  modes t o  which t h e  component i s  sub- 
j e c t e d  and n o t  t h e  m a t e r i a l s  used i n  t h e  component. 
Problems do a r i s e  when m a t e r i a l s  a r e  used i n  unusual  o r  new 
combina t ions  w i t h o u t  adequa te  t e s t i n g  o r  when l i t t l e  background 
d a t a  a r e  a v a i l a b l e  f o r  t h e  new m a t e r i a l s  used. Probably  t h e  b e s t  
example i s  t h e  grounding o f  t h e  F-4 a i r c r a f t  i n  Vietnam t o  rework 
t h e  e l e c t r i c a l  sys tems a t  a  c o s t  of approx imate ly  $9 m i l l i o n  be- 
c a u s e  o f  t h e  d e g r a d a t i o n  of  t h e  p o t t i n g  compound due t o  h i g h  tem- 
p e r a t u r e  and humidi ty .  
E las tomers  - Most people  t h i n k  immediate ly  o f  r u b b e r  goods a t  
t h e  f i r s t  ment ion of  age l i m i t e d  o r  l i m i t i n g  m a t e r i a l s .  Our s u r -  
vey i n d i c a t e d  t h a t  t h e r e  i s  a  wide d i v e r s i t y  of o p i n i o n  and p rac -  
t i c e  c o n c e r n i n g  l i f e  l i m i t s  f o r  rubber  goods depending on compounds 
used ,  a p p l i c a t i o n ,  and t h e  c o n t r a c t o r  involved.  L i f e  l i m i t s  ranged 
from a s  low a s  two y e a r s  to  a  h i g h  of 13 y e a r s .  Most u n i f o r m i t y  
was found where companies fo l lowed  t h e  l i m i t s  e s t a b l i s h e d  by ANA 
B u l l e t i n  438. I t  was g e n e r a l l y  concluded t h a t  M i l i t a r y  S p e c i f i -  
c a t i o n  and AMS compounded r u b b e r s  p o s s e s s  longer  and more c o n s i s -  
t e n t  l i f e  l i m i t s  t h a n  t h o s e  produced t o  commercial  s p e c i f i c a t i o n s .  
Ordnance - Ordnance component l i f e  i s  r e l a t e d  t o  t h e  p r o c e s s e s  
and changes  caused by env i ronmenta l  and o p e r a t i n g  c o n d i t i o n s .  Chem- 
i c a l  changes  c o n t i n u e  d u r i n g  s t o r a g e .  The changes  u s u a l l y  become 
e v i d e n t  f i r s t  by a  r e d u c t i o n  i n  performance a t  t h e  ex t remes  o f  t h e  
t e m p e r a t u r e  l i m i t s .  Ordnance l i f e  can  be extended by m a i n t a i n i n g  
a  c o n t r o l l e d  environment.  
B a t t e r i e s  - S i l v e r - z i n c  b a t t e r i e s  a r e  a s s i g n e d  l i m i t e d  l i f e  due 
t o  t h e  m a t e r i a l  used i n  t h e i r  c o n s t r u c t i o n .  Vol tage  decays  d u r i n g  
a  d r y  s t o r a g e  pe r iod .  The d e g r a d a t i o n  r a t e  i s  i n c r e a s e d  by h i g h  
t e m p e r a t u r e s  and i s  caused  by t h e  r e l a t i v e  i n s t a b i l i t y  o f  t h e  s i l -  
v e r  pe rox ide .  
L u b r i c a n t s  - L u b r i c a n t s  t end  t o  l o s e  t h e i r  l u b r i c i t y  w i t h  s t o r -  
age  due t o  e v a p o r a t i o n  o r  d ry ing .  L u b r i c a n t  seapage p a s t  s e a l s  a l -  
s o  may c a u s e  l i m i t e d  component l i f e .  
S t r e s s  C o r r o s i o n  - Use o f  s t r e s s  c o r r o s i o n  s u s c e p t i b l e  m a t e r i -  
a l s  can  l i m i t  component l i f e  and should  be avoided.  " M a t e r i a l s  
t h a t  a r e  s t r e s s  c o r r o d a b l e  i n  a  s p e c i f i c  environment tend t o  f a i l  
under t e n s i l e  s t r e s s  which i s  o f t e n  below nominal  d e s i g n  lea-ding. 
The c o r r o s i o n  f u n c t i o n  t a k e s  p l a c e  i n  r e l a t i v e l y  mi ld  env i ronments ,  
v e r y  o f t e n  w i t h  l i t t l e  evidence ."  (Ref 1 3 ) .  
R a d i o a c t i v e  Components - R a d i o a c t i v e  and luminescen t  components 
have  l i m i t e d  l i f e  because  o f  d e g r a d a t i o n  o f  t h e  m a t e r i a l s .  The 
l i f e  l i m i t s  of some s w i t c h  t i p s  and docking t a r g e t s ,  e i t h e r  i n s t a l -  
l e d  o r  i n  s t o r a g e  a r e  e s t a b l i s h e d  a s  900 days and 360 d a y s ,  r e s p e c -  
t i v e l y .  
B. LIFE LIMIT COMPARISON 
During t h e  c o u r s e  o f  t h e  s u r v e y ,  i n f o r m a t i o n  and documenta t ion  
was r e q u e s t e d  from each o r g a n i z a t i o n  l i s t i n g  t h e  l i f e  l i m i t s  ap- 
p l i e d  t o  t h e  components o r  sys tems under d i s c u s s i o n .  
The i n f o r m a t i o n  h a s  been accumulated i n  a  m a t r i x  form (Tab le  
V-1) t o  f a c i l i t a t e  comparison.  Two compar isons  were made: (1) 
t h e  component l i f e  a s s ignments  f o r  s i m i l a r  components of  t h e  S a t u r n  
b o o s t e r  v e h i c l e  s t a g e s  were compared t o  d e t e r m i n e  i f  i n c o n s i s t e n -  
c i e s  e x i s t e d ,  and (2)  t h e  S a t u r n  component l i f e  l i m i t s  were compared 
t o  l i f e  l i m i t s  o f  s i m i l a r  components of  o t h e r  v e h i c l e s  t o  d e t e r m i n e  
i f  t h e  l i m i t s  were c o n s i s t e n t  w i t h  a e r o s p a c e  i n d u s t r y  p r a c t i c e s .  
Cau t ion  must be e x e r c i s e d  when a t t e m p t i n g  t o  draw c o n c l u s i o n s  
from t h e s e  comparat ive  d a t a .  One must b e a r  i n  mind t h e  m i s s i o n  ob- 
j e c t i v e s  of  each v e h i c l e  o r  program. The d i f f e r e n c e  i n  approach be- 
tween unmanned and manned v e h i c l e  programs v a r i e s  from component t o  
component. D i f f e r e n c e s  i n  approach were a l s o  s e e n  where m i s s i o n s  
o r  payloads  of  d i f f e r i n g  c r i t i c a l i t y  used t h e  same b a s i c  v e h i c l e  
( e s p e c i a l l y  t h e  A t l a s  programs).  An u n d e r s t a n d i n g  o f  t h e  d e f i n i -  
t i o n s  i n  u s e  f o r  each program i s  a l s o  necessa ry .  I n  s p i t e  o f  t h e  
d i f f i c u l t y  i n  a r r i v i n g  a t  s p e c i f i c  c o n c l u s i o n s ,  g e n e r a l  c o n c l u s i o n s  
can be drawn t h a t  may be o f  some b e n e f i t .  
The f o l l o w i n g  paragraphs  d e s c r i b e  t h e  programs and sys tems com- 
pared and p rov ide  background r e l a t i n g  t o  t h e  approach used t o  deve l -  
op component l i f e  l i m i t s .  Where p o s s i b l e ,  t e rmino logy  d e f i n e d  i n  
Chapter  I11 o f  t h i s  r e p o r t  h a s  been used.  The documents d e f i n i n g  
t h e  l i m i t s  a r e  a l s o  r e f e r e n c e d .  
1. T i t a n  111 
The T i t a n  I11 program i n c l u d e s  a  f a m i l y  of  space  b o o s t e r  v e h i -  
c l e s .  No manned miss ions  have been flown a l t h o u g h  t h e  T i t a n  IIIM 
v e r s i o n  is man-rated. Other  v e r s i o n s  can b e  man-rated w i t h  l i t t l e  
d i f f i c u l t y .  
Components common t o  T i t a n  IITM and o t h e r  v e r s i o n s  c a r r y  t h e  
same l i f e  l i m i t a t i o n s  and h a n d l i n g  requ i rements .  M a r t i n  M a r i e t t a  
C o r p o r a t i o n  Drawing 80801Y90000, S p e c i a l  C o n s i d e r a t i o n  I t e m s  - 
T i t a n  I11 Fami ly ,  d e f i n e s  a l l  component l i f e  l i m i t s ,  h a n d l i n g  re- 
qu i rements ,  c r i t i c a l i t y ,  and o t h e r  s p e c i a l  c o n s i d e r a t i o n s .  An ex-  
t r a c t  from t h i s  drawing c a n  be found i n  Appendix D. Assembled 
s t a g e s  have been s t o r e d  a s  long  a s  3 0  months between p r o d u c t i o n  ac -  
c e p t a n c e  t e s t  and s t a r t  o f  p re launch  p r e p a r a t i o n .  
2. A t l a s  
For  compar ison o f  component l i f e ,  t h e  A t l a s  must be  c o n s i d e r e d  
i n  two s e c t i o n s .  The SLV-3 b o o s t e r  v e h i c l e  i s  i n  c u r r e n t  produc- 
t i o n  w i t h  p re launch  s t o r a g e  seldom exceed ing  12 months. The A t l a s  
E and F m i l i t a r y  v e h i c l e s  were produced i n  t h e  p e r i o d  of 1961 t h r u  
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1963, and deployed a t  s e v e r a l  launch s i t e s .  A s t o r a g e  program be-  
gan d u r i n g  1965 a s  t h e  l aunch  s i t e s  were  d e a c t i v a t e d  and over  100 E  
and F  v e h i c l e s  were put  i n t o  s t o r a g e .  These v e h i c l e s  a r e  s t i l l  be- 
ing  r e f u r b i s h e d  and launched f o r  v a r i o u s  programs such a s  ABRES 
(Advanced B a l l i s t i c  Re-Entry Systems).  A t l a s  E  and F  m i s s i o n s  a r e  
n o t  c o n s i d e r e d  t o  be a s  c r i t i c a l  a s  t h e  SLV-3 miss ions .  P r e s e n t  
miss ions  a r e  unmanned a l t h o u g h  SLV-3 was used f o r  t h e  Mercury launch 
program. L i f e  l i m i t  i n f o r m a t i o n  was o b t a i n e d  from Convair  Drawings 
27-00767, Replacement Time Requirements E/F M i s s i l e s ,  ABRES, and 
69-00721, Replacement Time Requirements ,  SLV-3 Follow-On. 
Thor IDe l ta  i s  s t i l l  i n  p roduc t ion  and i s  used f o r  A i r  F o r c e  and 
NASA miss ions .  These miss ions  a r e  a l l  unmanned. Many o f  t h e  o l d  
m i l i t a r y  Thors have been r e b u i l t  and flown fo l lowing  long- term s t o r -  
age ;  abou t  20 a r e  s t i l l  i n  s t o r a g e .  When t h e s e  v e h i c l e s  a r e  r e -  
b u i l t ,  components a r e  e i t h e r  r e p l a c e d  o r  r e f u r b i s h e d .  
Veh ic les  i n  r e c e n t  p r o d u c t i o n  have always been flown a t  l e s s  
than 36 months c a l e n d a r  age. L i f e  l i m i t s  shown a r e  f o r  c u r r e n t  p r o -  
d u c t i o n  v e h i c l e s  and were o b t a i n e d  from McDonnell Douglas S p e c i f i c a -  
t i o n  No. ST-DES 0010, L imi ted  L i f e  I tems S p e c i f i c a t i o n s  f o r  DSV-2L- 
1A Space B o o s t e r s  (SLV-2H). Mi les tone  a g e  l i m i t s  a r e  a l s o  l i s t e d  
i n  t h i s  document. 
4.  Scout  
Data shown f o r  t h e  Scou t  m i s s i l e  were o b t a i n e d  from a  NASA r e -  
p o r t ,  CR-66321, F e a s i b i l i t y  S tudy  o f  S t o r a g e  Concepts  f o r  S c o u t  and 
Other  NASA S o l i d  P r o p e l l a n t  Veh ic les .  T h i s  r e p o r t  was p r e p a r e d  by 
LTV Aerospace.  The proposed p l a n  p r o v i d e s  f o r  " ready- to - l aunch"  
v e h i c l e  s t o r a g e .  Th i s  r e q u i r e s  t h a t  s t o r a g e  l i m i t s  be s t r i c t e r  
than  t h o s e  imposed on a system which can  be  r e f u r b i s h e d  and t e s t e d  
a f t e r  s t o r a g e .  Component o p e r a t i n g  l i m i t s  were n o t  a v a i l a b l e  f o r  
t h e  Scou t  v e h i c l e .  
5. Gemini B 
Gemini B i s  t h e  manned s p a c e c r a f t  f o r  u s e  i n  t h e  A i r  F o r c e  
Manned O r b i t a l  L a b o r a t o r y  program. Data shown were o b t a i n e d  from 
McDonnell Douglas r e p o r t  P.S. 338,  MOL Program Gemini B System Seg- 
ment,  AVE P r e v e n t i v e  Maintenance Requirements Summary. 
The Lunar Module of  t h e  Apol lo  program h a s  perhaps  t h e  most 
c r i t i c a l  m i s s i o n  o f  t h e  e n t i r e  Apol lo  system. Not a l l  of  t h e  s y s -  
tems a r e  comparable t o  t h e  b o o s t e r  s t a g e  sys tems ,  b u t  t h e r e  a r e  
s e v e r a l  a r e a s  of  i n t e r e s t .  The l i m i t s  g i v e n  a r e  t h o s e  f o r  t h e  LM 
t o  be used  on AAP miss ions .  The document i s  Grumman Repor t  ARP 255- 
015, AAPJLM-A Time/Cycle S e n s i t i v e  I t ems  Summary. P o r t i o n s  of  t h i s  
document may be found i n  Appendix D. 
7. Apol lo  CSM 
P o r t i o n s  o f  t h e  Command S e r v i c e  Module l i m i t e d  l i f e  component 
l i s t  a r e  a l s o  shown i n  t h e  comparison c h a r t s .  This  i n f o r m a t i o n  was 
t a k e n  from NAR Space D i v i s i o n  S p e c i f i c a t i o n s  MA0201-077, Apol lo  
Time/Cycle S i g n i f i c a n t  I t e m  L i s t  and Requirements ,  and MA0201-5695 
Apol lo  CSM Age Control led/Time A c t i o n  L i s t  and Requirements.  
8. S a t u r n  S-IB S t a g e  
I n f o r m a t i o n  was o b t a i n e d  from C h r y s l e r  S-IB S e r i a l i z e d  Component 
L i s t  d a t e d  11 October  1968. 
9. S a t u r n  S-IC S t a g e  
I n f o r m a t i o n  was o b t a i n e d  from Boeing Drawing MSFC 60B03007, Sum- 
mary of Time, Cyc le ,  and AGE Recording Requirements and L i f e  Appor- 
t ionment  f o r  S-IC S t a g e  Components. 
10. S a t u r n  S - I 1  S t a g e  
I n f o r m a t i o n  was o b t a i n e d  from NAR Space D i v i s i o n  S p e c i f i c a t i o n s  
MA0201-1021, A i r b o r n e  and GSE Equipment S a t u r n  S - I 1  O p e r a t i n g  Time/ 
Cycle  Measurement and Recording Requirements ,  and MA0506-1003, L i s t  
o f  Age S e n s i t i v e  Components - S - I 1  S t a g e  and GSE. 
11. S a t u r n  S-IVB S t a g e  
I n f o r m a t i o n  was o b t a i n e d  from McDonnell Douglas Drawings 1B55423, 
Government Furn i shed  P r o p e r t y  Time/Cycle S i g n i f i c a n t  I t e m s ,  1B55424, 
L i m i t e d  Data C o l l e c t i o n  TimefCycle S i g n i f i c a n t  I t ems ,  1B55425, R e l i -  
a b i l i t y  Time/Cycle S i g n i f i c a n t  I t ems  - Calendar ,  and 1B66667 L i s t ,  
M a s t e r ,  Age C o n t r o l  I t ems ,  DSV-4B/IB/V F l i g h t  S t a g e s ,  GSE, and GSE 
R e p a i r  K i t s .  
1 2 .  S a t u r n  Ins t rument  Uni t  
I n f o r m a t i o n  was o b t a i n e d  from I B M  Repor t  MSFC No. 111-6-602-61 
Opera t ing  Time Cycle  C r i t i c a l  Components, and Drawing 7915953, 
S t o r a g e ,  Ins t rument  U n i t ,  Long Term Procedure  f o r  SI-B/V. 
A review of  Table  V - l  l e a d s  t o  two pr imary c o n c l u s i o n s :  
1 )  There  i s  no b a s i c  d i f f e r e n c e  a p p a r e n t  between the  Sa tu rn  
l i m i t s  and o t h e r  program l i m i t s .  The i n d i v i d u a l  c a s e s  
of d i f f e r i n g  l i m i t s  a r e  the  r e s u l t  o f  d i f f e r e n c e s  i n  
miss ion  o b j e c t i v e s  o r  s t o r a g e  o b j e c t i v e s ;  
2) There  a r e  i n c o n s i s t e n c i e s  i n  t h e  approach t a k e n  by t h e  
S a t u r n  s t a g e  c o n t r a c t o r s  - 
a )  Hardware i n s t a l l e d  i n  a l l  s t a g e s  does  n o t  appear  on 
a l l  of  t h e  l i f e  l i m i t  l i s t s .  (For  i n s t a n c e ,  t h e  
range  s a f e t y  r e c e i v e r  and d e c o d e r ) ;  
b) One c o n t r a c t o r  took  a  much more l i t e r a l  approach t o  
l i s t i n g  component l i f e  because  o f  i n c l u s i o n  of  e l -  
a s t o m e r i c  p a r t s .  (Ordnance items i n  one l i s t  a t  24, 
36,  and 60 months a r e  d u p l i c a t e d  i n  t h e  rubber  goods 
l i s t  w i t h  a  72-month l i m i t ,  and a  l a r g e  q u a n t i t y  o f  
e l e c t r o n i c  components a r e  l i s t e d  f o r  rubber  goods 
whi le  t h e  o t h e r  s t a g e s  have none l i s t e d  f o r  rubber  
goods.) 
C. METHODS FOR EXTENDING LIFE 
The o b j e c t i v e  of  t h i s  s e c t i o n  i s  t o  p r e s e n t  c u r r e n t l y  accep ted  
methods t h a t  can be employed t o  j u s t i f y  e x t e n d i n g  and r e c e r t i f y i n g  
e i t h e r  t h e  c a l e n d a r  o r  o p e r a t i o n a l  l i f e  of  an  i tem.  The methods 
w i l l  be d i s c u s s e d  under seven g e n e r a l  c a t e g o r i e s .  The methods may 
be used s i n g l y  o r  i n  combinat ion.  I n  o r d e r  o f  d i s c u s s i o n  t h e s e  
c a t e g o r i e s  a r e  s i m i l a r i t y ,  a n a l y s i s ,  s u r v e i l l a n c e ,  i n s p e c t i o n ,  t e s t -  
i n g ,  r e f u r b i s h m e n t ,  and waiver.  
1. S i m i l a r i t y  
The l i f e  of  a n  i tem can be based on t h e  l i f e  of  a  s i m i l a r  
i t e m .  The two i t ems  must be v e r y  s i m i l a r  i n  terms of d e s i g n ,  
m a t e r i a l s ,  and f u n c t i o n .  Thus t h e  l i f e  of a n  i tem might be ex- 
tended i f  t h e  l i f e  of a  s i m i l a r  i t em has  a  l o n g e r  demonstra ted  
l i f e .  
Normally,  t h e  l i f e  of  t h e  s i m i l a r  i t e m  must have been demons t ra ted  
by e i t h e r  t e s t  o r  s a t i s f a c t o r y  s e r v i c e  l i f e ;  a  l i f e  e s t i m a t e d  from 
a n a l y s i s  a l o n e  would n o t  b e  a c c e p t a b l e .  
C o n s i d e r a b l e  c a r e  must be e x e r c i s e d  i n  d e t e r m i n i n g  t h a t  two 
i t ems  a r e ,  i n  f a c t ,  s i m i l a r  and d i r e c t l y  comparable. S u b t l e  d i f -  
f e r e n c e s  can  i n v a l i d a t e  t h e  comparison. Many of  t h e  persons  i n t e r -  
viewed d i d  n o t  a c c e p t  s i m i l a r i t y  a s  a  v a l i d  method t o  ex tend  l i f e  
because  o f  t h e  u n c e r t a i n t i e s  o f  a t t e m p t i n g  d i r e c t  c o r r e l a t i o n .  
Some i t ems  may be composed o f  p o r t i o n s  o f  o t h e r  i tems.  At tempts  
t o  c o r r e l a t e  l i f e  d a t a  r e l a t i v e  t o  t h e s e  p o r t i o n s  i n t o  a  l i f e  e s t i -  
mate f o r  t h e  s u b j e c t  items cou ld  r e s u l t  i n  i n a c c u r a t e  e s t i m a t e s .  
Cross  c o u p l i n g  e f f e c t s  and n o n l i n e a r  r e l a t i o n s h i p s  may p r e v e n t  accu-  
r a t e  l i f e  e s t i m a t e s .  
D e s p i t e  some of t h e  u n c e r t a i n t i e s ,  p ruden t  use  of t h e  s i m i l a r i t y  
method can be s u c c e s s f u l l y  employed t o  extend t h e  l i v e s  of some i t e m s  
Grumman A i r c r a f t  Eng ineer ing  C o r p o r a t i o n  r e p o r t e d  t h a t  t h e y  use  t h e  
s i m i l a r i t y  method t o  e s t a b l i s h  and ex tend  component l i v e s .  
Thiokol  h s s  recommended e x t e n d i n g  t h e  s e r v i c e  l i f e  of  t h e  S - I 1  
r e t r o m o t o r  (Recruit-TEM-294) based p a r t i a l l y  on s i m i l a r i t y  t o  t h e  
M-18 and M-46 USAF r o c k e t  motors  t h a t  have demonstra ted  l i v e s  of  7 
and 10 y e a r s ,  r e s p e c t i v e l y .  I n  a d d i t i o n ,  t e s t i n g  a t  t h e  Redstone 
D i v i s i o n  of Thiokol  i n d i c a t e s  t h a t  t h e r e  should be no d e g r a d a t i o n  
i n  p o l y s u l p h i d e  p r o p e l l a n t s ,  such a s  used i n  R e c r u i t  Motors ,  f o r  
a t  l e a s t  6 y e a r s .  NASA/MSFC f e e l s  t h a t  a d d i t i o n a l  t e s t i n g  and 
a n a l y s i s  of t h e  S - I 1  r e t r o m o t o r  i s  n e c e s s a r y  b e f o r e  t h e  recommen- 
d a t i o n  can be a c c e p t e d .  
2 .  A n a l y s i s  
I tem l i f e  can sometimes be de te rmined  o r  extended by a n a l y s i s .  
The a n a l y s i s ,  u s u a l l y  a  "paper s t u d y , "  s e p a r a t e s  t h e  i t em i n t o  i t s  
e lements  and de te rmines  t h e  l i f e  of each e lement .  Obviously ,  t h e  
l i f e  of  an  i t em i s  l i m i t e d  by t h e  minimum element  l i f e  whose f a i l -  
u r e  could  nega te  t h e  f u n c t i o n  of t h e  i t e m .  The e lement  cou ld  be a  
b a s i c  m a t e r i a l  such a s  a n  e l a s t o m e r ,  l u b r i c a n t ,  s t r u c t u r a l  m e t a l ,  
e t c .  
The a n a l y s i s  method i s  g e n e r a l l y  employed d u r i n g  t h e  p re l im-  
i n a r y  d e s i g n  phases  t o  de te rmine  i f  a  d e s i g n  w i l l  p r o v i d e  t h e  nec- 
e s s a r y  l i f e .  However, i t  can a l s o  be used t o  e s t i m a t e  and ex tend  
t h e  l i f e  of  an  e x i s t i n g  i t e m  whose l i f e  h a s  been o n l y  rough ly  e s -  
t ima ted  a s  mee t ing  t h e  then  c u r r e n t  program l i f e  r equ i rements .  
The Aging Modes and E f f e c t s  A n a l y s i s  (AMEA) i s  one o f  t h e  sys-  
t e m a t i c  a n a l y s i s  methods employed t o  v a r y i n g  d e g r e e  by some of  t h e  
companies v i s i t e d .  The AMEA h a s  been d e s c r i b e d  p r e v i o u s l y  i n  Chap- 
t e r  1V.D.  
3 .  S u r v e i l l a n c e  
The s u r v e i l l a n c e  method i s  used t o  v e r i f y ,  e s t a b l i s h ,  o r  ex tend  
component l i f e  by c o n t i n u o u s l y  o r  p e r i o d i c a l l y  moni to r ing  t h e  func- 
t i o n a l  pa ramete r s  of  t h e  i t e m  and comparing t h e s e  measured param- 
e t e r s  t o  s p e c i f i c a t i o n .  I f  t h e  pa ramete r s  a r e  w i t h i n  s p e c i f i c a t i o n ,  
t h e  l i f e  of  t h e  i t e m  i s ,  i n  g e n e r a l ,  a t  l e a s t  a s  g r e a t  a s  t h e  l i f e  
d u r a t i o n  when t h e  pa ramete r s  were measured. Assuming a  s t a t i s t i -  
c a l l y  adequa te  sample s i z e ,  t h e  l i v e s  o f  i d e n t i c a l  ( o r  v e r y  s i m i l a r )  
i t ems  manufactured a f t e r  t h e  s u r v e i l l a n c e  samples shou ld  be a t  l e a s t  
e q u a l  t o  t h o s e  surveyed.  It i s  good t e c h n i q u e  t o  s e t  a s i d e  e a r l y  
o r  p r e p r o d u c t i o n  samples f o r  a  s u r v e i l l a n c e  program; f a i l u r e  o f  
t h e s e  samples w i l l  p rov ide  a warning of  impending f a i l u r e  of  t h o s e  
i n  s e r v i c e .  S i m i l a r l y ,  f a i l u r e s  of  e a r l y  l o t s  i n  s e r v i c e  w i l l  i n -  
d i c a t e  impending problems of  l a t e r  l o t s .  For  maximum e f f e c t i v e n e s s ,  
a  s u r v e i l l a n c e  program p l a n  should  be i n i t i a t e d  d u r i n g  t h e  d e s i g n  
phase. 
The l i f e  of  an i t e m  can be extended based on a n a l y s i s  o f  t h e  
parameter  t r e n d s .  I f  a  parameter  i s  d r i f t i n g  toward a  s p e c i f i c a -  
t i o n  l i m i t  a t  a  known r a t e  ( l i n e a r  o r  e x p o n e n t i a l ) ,  t h e  t ime a t  
which i t  w i l l  exceed s p e c i f i c a t i o n  l i m i t s  c a n  be e s t i m a t e d  and t h e  
i tem l i f e  extended t o  t h a t  t ime.  
The s u r v e i l l a n c e  program may moni tor  a l l  t h e  f u n c t i o n a l  param- 
e t e r s  of a n  i tem o r  j u s t  t h e  pa ramete r s  determined t o  be age  sen-  
s i t i v e .  The AMEA i s  h e l p f u l  i n  d e t e r m i n i n g  which pa ramete r s  t o  
m o n i t o r .  Only a g e - s e n s i t i v e  pa ramete r s  need be measured i f  t h e  
AMEA was complete  and a c c u r a t e .  
4 .  I n s p e c t i o n  
The l i v e s  of  some i t e m s  may be extended by i n s p e c t i o n .  I n -  
s p e c t i o n  i n  t h i s  c a s e  r e f e r s  t o  a  v i s u a l  check of  t h e  i t em o r  com- 
ponent f o r  ev idence  of some c o n d i t i o n  t h a t  would r e n d e r  i t  un- 
s e r v i c e a b l e  f o r  f u t u r e  o r  con t inued  u s e ,  e . g . ,  l e a k i n g  f l u i d s ,  
c o r r o s i o n ,  o r  wear .  G e n e r a l l y  i n s p e c t i o n  i s  used i n  c o n j u n c t i o n  
w i t h  o r  a s  a  p a r t  of one o r  more of t h e  o t h e r  methods such a s  
t e s t i n g .  These t e s t s  a r e  normal ly  performed by Q u a l i t y  C o n t r o l  
p e r s o n n e l ,  a s  opposed t o  t e s t s  performed by e n g i n e e r i n g  l a b o r a t o r i e s .  
When t h e  i n s p e c t i o n  t e s t  i s  s a t i s f a c t o r i l y  completed,  t h e  i t e m ' s  
l i f e  i s  extended u n t i l  t h e  nex t  scheduled i n s p e c t i o n .  
The d u r a t i o n  between i n s p e c t i o n s  may be  e q u a l  o r  d e c r e a s e  w i t h  
each subsequent  l i f e  e x t e n s i o n .  I n  a  proposed s p a r e s  s h e l f - l i f e  
implementa t ion program f o r  a  guidance sys tem,  t h e  AC E l e c t r o n i c s  
D i v i s i o n  of  Genera l  Motors C o r p o r a t i o n  dec reased  each subsequent  
l i f e  e x t e n s i o n  p e r i o d  and l i m i t e d  t h e  number of  e x t e n s i o n s .  Honey- 
w e l l  I n c .  i n d i c a t e d  d u r i n g  t h e  su rvey  v i s i t  t h a t  each l i f e  ex ten-  
s i o n  p e r i o d  shou ld  be s h o r t e r  t h a n  t h e  p r e v i o u s  one. ( T r i p  Repor t  
11-18).  The P o l a r i s  weapon system e x t e n d s  t h e  l i v e s  o f  i t ems  by 
u s e  o f  t h e  i .nspect ion method; t h e  P o l a r i s  approach h a s  been d i s -  
cussed  p r e v i o u s l y  i n  Chapter.1V.D. 
5. T e s t i n g  
The i n f o r m a t i o n  r e c e i v e d  from t e s t i n g  a n  i t em may be used t o  
j u s t i f y  e x t e n s i o n  ( o r  r e d u c t i o n )  o f  i t s  l i f e  l i m i t .  Depending on 
what p o r t i o n  o f  t h e  i t e m  is age c r i t i c a l ,  t h e  t e s t s  may be con- 
duc ted  on e i t h e r  t h e  e n t i r e  i t e m  o r  a  component o r  an  e lement ,  o r  
a  m a t e r i a l  employed. The lower t h e  conf idence  i n  t h e  knowledge o f  
what i s  c r i t i c a l ,  t h e  g r e a t e r  t h e  p r o b a b i l i t y  t h e  e n t i r e  i t e m  w i l l  
be t e s t e d .  From a  c o s t  view p o i n t ,  o n l y  t h e  minimum amount of  t e s t -  
i n g  r e q u i r e d  t o  r e c e r t i f y  should  be performed. 
The e f f e c t s  o f  a g i n g / c y c l i n g  can be determined by e i t h e r  r e a l  
t ime o r  a c c e l e r a t e d  t e s t i n g .  Rea l - t ime  a g i n g / c y c l i n g  d a t a  a r e  t aken  
mos t ly  from l a b o r a t o r y  and f l i g h t  t e s t s ,  and s e r v i c e  and o v e r h a u l  
r e c o r d s .  A c c e l e r a t e d  a g i n g  u s u a l l y  i n v o l v e s  s p e c i a l i z e d  t echn iques  
such a s  f u n c t i o n a l  t e s t s  a t  e l e v a t e d  t e m p e r a t u r e s ,  a p p l i c a t i o n  of 
A r r h e n i u s ' s  l i f e - t e m p e r a t u r e  r e l a t i o n s h i p s ,  e t c .  The t e s t  methods 
w i l l  be  d i s c u s s e d  b r i e f l y  i n  t h e  fo l lowing  paragraphs .  
Real-Time T e s t s  - L a b o r a t o r y  t e s t i n g  normal ly  s u b j e c t s  t h e  t e s t  
i t em t o  i t s  measured o r  p r e d i c t e d  c r i t i c a l  environments  f o r  pro- 
longed p e r i o d s  of t ime t o  a s c e r t a i n  l i f e  l i m i t a t i o n s .  C r i t i c a l  
pa ramete r s  a r e  moni tored d u r i n g  t h e  t e s t s  t o  de te rmine  how long 
t h e  i t e m  can  s u c c e s s f u l l y  s u r v i v e  i t s  environment.  The t e s t  may 
l a s t  u n t i l  t h e  d e s i r e d  extended l i f e  i s  exceeded,  u n t i l  f a i l u r e  
o c c u r s ,  o r  u n t i l  a  t r e n d  i s  e s t a b l i s h e d  from which t h e  l i f e  o f  t h e  
i t e m  c a n  be e s t i m a t e d .  I f  t h e  t e s t s  demons t ra te  t h a t  t h e  l i f e  of  an  
i t e m  exceeds  i t s  c u r r e n t  c e r t i f i e d  l i f e ,  t h e  i t e m ' s  l i f e  can  be re -  
c e r t i f i e d  f o r  t h e  a d d i t i o n a l  t i m e / c y c l e s  i n d i c a t e d  by t h e  tests .  
The r e a l - t i m e  l a b o r a t o r y  t e s t  i s  p robab ly  t h e  most r e a d i l y  accep ted  
method f o r  e x t e n d i n g  t h e  l i f e  of  an  i tem. 
M a t e r i a l  t e s t i n g  u s u a l l y  i n v o l v e s  measu r ing  e n g i n e e r i n g  c h a r -  
a c t e r i s t i c s  such  a s  t e n s i l e  s t r e n g t h ,  h a r d n e s s ,  r e s i s t a n c e ,  e t c ,  
a t  v a r i o u s  t i m e s .  However, one  i n t e r e s t i n g  i n n o v a t i o n  under  s t u d y  
a t  OOAMA i n v o l v e s  measu r ing  changes  i n  t h e  m o l e c u l a r  and c r y s t a l -  
l i n e  s t r u c t u r e  of  n o n m e t a l l i c  m a t e r i a l s  w i t h  t i m e .  Changes i n  
c r y s t a l l i n e  symmetry o f  p o l y u r e t h a n e  w i t h  a g e  and when exposed t o  
h i g h  t e m p e r a t u r e  and h u m i d i t y  env i ronmen t s  were  measured u s i n g  a n  
X-ray d i f f r a c t i o n  t e c h n i q u e .  It was p o s s i b l e  t o  c o r r e l a t e  changes  
i n  l a t t i c e  w i t h  d e g r a d a t i o n ;  i n  f a c t ,  changes  i n  c r y s t a l l i n e  s t r u c -  
t u r e  c o u l d  be measured b e f o r e  g r o s s  p h y s i c a l  d e g r a d a t i o n  was a p -  
p a r e n t .  T h i s  and s i m i l a r  t e c h n i q u e s  a r e  now be ing  a p p l i e d  t o  
o t h e r  m a t e r i a l s  ( T r i p  R e p o r t  11 -33) .  
D i f f e r e n t i a l  t h e r m a l  a n a l y s i s  (DTA) and t h e r m o g r a v i m e t r i c  a n a l y -  
s i s  (TGA) a r e  s p e c i a l i z e d  t e c h n i q u e s  unde r  development  t h a t  may be  
used  t o  d e t e c t  and d e t e r m i n e  changes  i n  m a t e r i a l  p r o p e r t i e s  due  t o  
a g i n g .  Most o f  t h e  e f f o r t  i n  t h i s  a r e a  h a s  been  w i t h  p y r o t e c h n i c s .  
These t e c h n i q u e s  have n o t  y e t  r e c e i v e d  g e n e r a l  a c c e p t a n c e  f o r  l i f e  
e x t e n s i o n .  
P r e l a u n c h  and f l i g h t  d a t a  c a n  a l s o  be employed t o  e x t e n d  t h e  
l i f e  o f  a n  i t e m  i f  i t s  c u m u l a t i v e  l i f e  exceeds  t h a t  c e r t i f i e d .  Nor- 
m a l l y  a n  i t e m  i s  r e p l a c e d  o r  r e f u r b i s h e d  b e f o r e  i t s  c e r t i f i e d  l i f e  
i s  exceeded ;  however sometimes d u e  t o  e i t h e r  program d e l a y s  o r  l a c k  
o f  r e p l a c e m e n t  p a r t s  a n  "over-age"  i t e m  i s  employed ( b y  w a i v e r ) .  
Depending on c i r c u m s t a n c e s ,  t h e  l i f e  o f  an i t e m  might  be  e x t e n d e d  
t o  t h a t  d e m o n s t r a t e d  s a t i s f a c t o r i l y  by  p r e l a u n c h  o r  f l i g h t  d a t a .  
Da ta  o b t a i n e d  from s e r v i c e  o r  o v e r h a u l  r e c o r d s  c a n  sometimes be 
u s e f u l  i n  e s t a b l i s h i n g  a b a s i s  f o r  l i f e  e x t e n s i o n .  I f  t h e  ma in ten -  
ance  r e c o r d  o f  a n  i t e m  r e v e a l s  a n  a c c e p t a b l e  low ma in tenance  l e v e l ,  
t h e n  t h e  i t e m ' s  l i f e  m i g h t  be  e x t e n d e d .  The same i s  t r u e  o f  o v e r -  
h a u l .  I f  t h e  i t e m  i s  s a t i s f a c t o r y  and s h o w  n e g l i g i b l e  a g e / c y c l e  
e f f e c t s  a t  o v e r h a u l ,  t h e  L i f e  may be e x t e n d e d .  U s u a l l y  t h e  s e r v i c e  
and o v e r h a u l  d a t a  a r e  u sed  w i t h  o t h e r  l i f e  e x t e n s i o n  methods i n  a r -  
r i v i n g  a t  a  d e c i s i o n .  Fo r  example ,  H1G-4 g y r o  l i v e s  have  been ex-  
tended from 18 t o  36 months  based  on  Thor f i e l d  e x p e r i e n c e ,  a c c o r d -  
i n g  t o  t h e  M i s s i l e s  and Space Systems Group of  McDonnell Douglas  
C o r p o r a t i o n  ( T r i p  R e p o r t  1 1 - 2 9 ) .  I n i t i a l l y ,  t i m e s  were  e s t a b l i s h e d  
by e n g i n e e r i n g  r u l e  of  thumb and by  cus tomer  d i r e c t i o n  based  on 
program r e q u i r e m e n t s .  
I n  a n o t h e r  c a s e ,  a s  a  r e s u l t  of  a  5-2 eng ine  o v e r h a u l  s t u d y  
performed a b o u t  1967 by North American Rockwell ,  t h e  l i v e s  of  some 
components were i n c r e a s e d  from 5000 t o  5700 seconds  ( T r i p  Repor t  
1 1 - 2 7 ) .  Component l i f e  e x t e n s i o n s  were based on t e s t  r e s u l t s  and 
e x p e r i e n c e .  
A c c e l e r a t e d  Aging T e s t s  - It i s  n o t  always f e a s i b l e  t o  w a i t  f o r  
t h e  r e s u l t s  of  r e a l - t i m e  t e s t i n g ,  e s p e c i a l l y  i f  t h e  l e a d  t ime f o r  
t e s t  i s  l e s s  t h a n  t h e  r e q u i r e d  l i f e  f o r  an  item. A c c e l e r a t e d  a g i n g  
t e s t s  a t t e m p t  t o  produce i n  a  s h o r t e r  p e r i o d  of  t ime  t h e  same changes 
i n  c r i t i c a l  pa ramete r s  t h a t  occur  d u r i n g  an i t e m ' s  normal r e a l - t i m e  
a g i n g / c y c l i n g .  On a c c e l e r a t e d  a g i n g  t h e  tes t  i t e m  i s  u s u a l l y  sub- 
j e c t e d  t o  a n  environment ,  o r  combinat ion o f  env i ronments ,  more s e -  
v e r e  t h a n  t h a t  encoun te red  d u r i n g  normal s t o r a g e  o r  s e r v i c e .  
The environments  employed f o r  a c c e l e r a t e d  t e s t i n g  must have en- 
e r g y  l e v e l s  h i g h  enough t o  have e f f e c t .  The r e s u l t s  o f  t h e  a c c e l e r -  
a t e d  t e s t i n g  i n  terms of  r a t e  of  parameter  change a r e  c o r r e l a t e d  t o  
t h e  r a t e  of  change expec ted  under normal s t o r a g e  and s e r v i c e  env i -  
ronments. 
A c c e l e r a t e d  t e s t i n g  i s  n o t  a  g e n e r a l l y  a c c e p t e d  method f o r  es t i -  
mating t h e  l i f e  o f  an  i t e m  a c c o r d i n g  t o  most o f  t h e  pe r sons  i n t e r -  
viewed d u r i n g  t h e  su rvey  t r i p s .  Genera l  a c c e p t a n c e  of  a c c e l e r a t e d  
t e s t i n g  i s  p reven ted  by l a c k  o f  c o n f i d e n c e  i n  e i t h e r  (1) t h e  c o r r e l -  
a t i o n  of  a c c e l e r a t e d  t e s t  d a t a  w i t h  r e a l - t i m e  a g i n g  e f f e c t s ,  o r  (2 )  
t h e  c o r r e c t  s e l e c t i o n  of  t h e  t e s t  environments  and t h e i r  ene rgy  lev-  
e l s .  N e v e r t h e l e s s ,  some of  t h o s e  i n t e r v i e w e d  b e l i e v e d  a c c e l e r a t e d  
t e s t i n g  has  some v a l u e  ( T r i p  Repor t  11-33).  
A c c e l e r a t e d  t e s t i n g  a t  t h e  m a t e r i a l  l e v e l  i s  u s u a l l y  e a s i e s t .  
E las tomers  a r e  one of  t h e  more popu la r  s u b j e c t s  f o r  a c c e l e r a t e d  t e s t -  
i n g ;  a c c e l e r a t e d  ag ing  i s  accomplished by s u b j e c t i n g  t h e  e l a s t o m e r s  
t o  e l e v a t e d  temperatures. At tempts  t o  c o r r e l a t e  t h e  p r o p e r t y  changes 
a t  e l e v a t e d  t empera tu re  w i t h  r e a l - t i m e  changes  a t  normal t empera tu re  
were o n l y  p a r t i a l l y  s u c c e s s f u l .  A s t u d y  of  O - r i n g  a g i n g  t e c h n i q u e s  
by Rocketdyne r e s u l t e d  i n  t h e  s t a t e m e n t :  "One g e n e r a l  c o n c l u s i o n  i s  
t h a t  no r a p i d  a g i n g  method can  be  expec ted  t o  do more t h a n  approx i -  
mate t h e  r e a c t i o n  of  an  e l a s t o m e r  t o  i t s  s e r v i c e  environment.  The 
p r i n c i p a l  r e a s o n  f o r  t h i s  i s  t h a t  more t h a n  one r e a c t i o n  o c c u r s  dur-  
i n g  a g i n g ,  and one r e a c t i o n  may be  more dependent  on t empera tu re ,  
oxygen, p r e s s u r e ,  o r  some o t h e r  a g i n g  f a c t o r ,  than  ano the r . "  (Ref 14).  
According t o  B. F. Goodrich Rubber Company a c c e l e r a t e d  a g i n g  
t e s t s  of e l a s t o m e r s  a r e  n o t  g e n e r a l l y  a c c e p t a b l e  ( T r i p  R e p o r t  II- 
3 2 ) .  However a c c e l e r a t e d  a g i n g  d a t a  o f  e l a s t o m e r s  exposed t o  s team 
cou ld  be c o r r e l a t e d  w i t h  n a t u r a l  wea the r  a g i n g  d a t a .  A c c e l e r a t e d  
a g i n g  d a t a  o f  e l a s t o m e r s  exposed t o  h o t  a i r  cou ld  n o t  be c o r r e l a t e d .  
A computer program t o  c o r r e l a t e  a g i n g  pa ramete r s  u s i n g  t e s t  d a t a  was 
n o t  t o o  s u c c e s s f u l .  
A r r h e n i u s  p l o t s  a r e  sometimes employed f o r  a c c e l e r a t e d  a g i n g  d a t a .  
For  example,  d a t a  p rov ided  by ESB shows t h a t  s i l v e r - z i n c  b a t t e r y  cap-  
a c i t y  d e c r e a s e s  w i t h  age  and i n c r e a s i n g  t empera tu re .  An A r r h e n i u s  
p l o t  of  c a p a c i t y  l o s s  r a t e  ( logl0) v e r s u s  t h e  r e c i p r o c a l  o f  s t o r a g e  
a b s o l u t e  t e m p e r a t u r e  i s  a  s t r a i g h t  l i n e .  The l i n e  c a n  be e x t r a p o -  
l a t e d  t o  p rov ide  a  l i f e  e s t i m a t e  f o r  t h e  b a t t e r y  a t  a  g i v e n  s t o r a g e  
t empera tu re .  
6.  Refurbishment  
R e p l a c i n g  t h e  l i f e - l i m i t e d  e l e m e n t s  i n  an  i t e m  i s  a  g e n e r a l l y  
a c c e p t e d  method f o r  e x t e n d i n g  an  i t e m ' s  l i f e .  The rep lacement  e l e -  
ments may be e i t h e r  i d e n t i c a l  t o  o r  s u p e r i o r  t o  t h e  r e f u r b i s h e d  e l e -  
ments. Depending on t h e  n a t u r e  o f  t h e  r e f u r b i s h m e n t ,  t h e  l i f e  of  
t h e  i t e m  may be extended f o r  a  d u r a t i o n  o f  time l e s s  t h a n ,  e q u a l  t o ,  
o r  more t h a n  t h e  o r i g i n a l  c e r t i f i e d  l i f e .  E las tomers  a r e  t h e  most 
commonly r e f u r b i s h e d  i tem. 
C o s t s  must be c o n s i d e r e d  i n  any d e c i s i o n  t o  r e f u r b i s h  o r  t o  s c r a p  
a n  i t e m  r e a c h i n g  t h e  end o f  i t s  c e r t i f i e d  l i f e .  The A i r  F o r c e  L o g i s -  
t i c s  Command has  e s t a b l i s h e d  g u i d e  l i n e s  ( T r i p  Repor t  11-31).  I f  t h e  
l i n e  i t e m  ( n o t  pe r  u n i t )  c o s t  exceeds  $15.00, t e s t s  must b e  conduc ted  
t o  d e t e r m i n e  i f  t h e  l i n e  i t e m  l i f e  can  b e  extended.  However, t h e  
c o s t  o f  e x t e n d i n g  a  l i n e  i t e m  l i f e  c a n n o t  exceed 65% of  t h e  o r i g i n a l  
c o s t  u n l e s s  t h e  i t e m  i s  i n  c r i t i c a l  demand. A DOD s t u d y  t o  r e v i e w  
t h e  e n t i r e  age c o n t r o l  program shou ld  be completed d u r i n g  1969 by t h e  
Camden S t a t i o n  a t  A l e x a n d r i a ,  V i r g i n i a .  The s t u d y  r e s u l t s  may be o f  
i n t e r e s t  t o  NASA. 
7 .  Waiver 
An i t em t h a t  has  exceeded i t s  age  o r  o p e r a t i n g  l i m i t s  by a  s m a l l  
f a c t o r  may be used i f  t h e  i t e m  i s  i n  c r i t i c a l  s u p p l y  and i f  t h e  prob- 
a b i l i t y  o f  f a i l u r e  d u r i n g  i t s  m i s s i o n  i s  s u f f i c i e n t l y  low. T h i s  is 
n o t  a  recommended t e c h n i q u e ;  however, program r e q u i r e m e n t s  sometimes 
r e q u i r e  t h i s  approach.  Customer a p p r o v a l  i s  a lways  r e q u i r e d .  
D. INDETERMINATE LLFE HARDWARE 
During t h e  s t u d y  i n t e r v i e w s ,  no s p e c i f i c  t y p e s  of  hardware o r  
p h y s i c a l  pa ramete r s  t h a t  p r e v e n t  a  v a l i d  d e t e r m i n a t i o n  of  l i f e  were 
i d e n t i f i e d .  The o n l y  components t h a t  would seem t o  f i t  i n  t h i s  c a t -  
egory  a r e  t h o s e  u s i n g  new techno logy  m a t e r i a l  such a s  t h e  boron o r  
ca rbon  f i l a m e n t  m a t e r i a l s .  These m a t e r i a l s  a r e  undergoing t e s t s  t o  
de te rmine  t h e i r  a p p l i c a t i o n s  and l i m i t s .  M a t e r i a l s  s u b j e c t e d  t o  un- 
known o r  undef ined  environments  may a l s o  p r e c l u d e  a  v a l i d  l i f e  de-  
t e r m i n a t i o n .  
V I  . DESIGN CONSIDERATIONS 
A .  DESIGN FACTORS 
One of t h e  main f a c t o r s  i n f l u e n c i n g  component l i f e  is program 
o r  c o n t r a c t u a l  l i m i t a t i o n s .  Many l i f e  l i m i t s  have been imposed on 
equipment by a p p l i c a t i o n  of  c o n t r a c t u a l  o r  program l i m i t s .  These 
l i m i t s  once e s t a b l i s h e d  become a c c e p t e d  s t a n d a r d s  whose o r i g i n  may 
be imposs ib le  t o  t r a c e  though t h e r e  i s  no a c t u a l  e x p e r i e n c e  o r  t e s t  
d a t a  t o  s u p p o r t  t h e i r  a c c u r a c y .  
The S-IC s t a g e  l i f e  was based on a  5 -yea r  program l i f e .  Q t a l -  
i f i c a t i o n  t e s t i n g  was performed t o  s a t i s f y  t h a t  r equ i rement .  I n  
a d d i t i o n  t h e r e  i s  a  c o n t r a c t u a l  r equ i rement  t h a t  50% of s p e c i f i e d  
component l i f e  must remain on t h e  l i f e - l i m i t e d  components when t h e  
s t a g e  is sh ipped  t o  KSC. These requ i rements  pose problems w i t h  
l i f e  e x t e n s i o n .  F i r s t ,  t h e r e  i s  j u s t i f i a b l e  r e l u c t a n c e  t o  ex tend  
beyond t h e  5-year  program l i m i t a t i o n  w i t h o u t  e x t e n s i v e  t e s t i n g ,  
and second, unnecessary  replacement  and r e f u r b i s h m e n t  of o t h e r w i s e  
good components may be r e q u i r e d .  Component s i z e  p r e s e n t s  a d d i t i o n -  
a l  l i m i t a t i o n s  concerning l i f e .  I n c r e a s i n g  t h e  s i z e  of a  component 
does n o t  a lways  r e s u l t  i n  t h e  same long  l i f e  and r e l i a b i l i t y  of 
t h e  o r i g i n a l  component. The s t r e s s e s  imposed on o r  by t h e  l a r g e r  
component may a l t e r  i t s  r e l i a b i l i t y  and l i f e .  
Equipment g u a r a n t e e s  may be e x t r e m e l y  c o n s e r v a t i v e .  I B M  suc -  
c e s s f u l l y  a c t u a t e d  one r e l a y  1 m i l l i o n  t imes  a l t h o u g h  t h e  vendor 
guaran teed  o n l y  25,000 c y c l e s .  G e n e r a l l y  AC E l e c t r o n i c s  uses  10 
y e a r s  normal l i f e  ( i n c l u d i n g  r e c e r t i f i c a t i o n  p e r i o d s )  w i t h  12 
y e a r s  a b s o l u t e  maximum, f o r  t h e i r  e l e c t r o n i c  components. They 
f e e l  t h a t  s t a t e - o f - t h e - a r t  advances w i t h i n  t h i s  t ime p e r i o d  would 
make equipment extended beyond t h i s  t ime o b s o l e t e .  
It i s  recommended t h a t  r e a l i s t i c  l i f e  l i m i t s  be e s t a b l i s h e d  
a t  program i n c e p t i o n .  P r o v i s i o n s  must a l s o  be made f o r  v a l i d a t i n g  
l i f e  l i m i t s  throughout  t h e  program by t e s t i n g  and s u r v e i l l a n c e  oE 
t h e  a f f e c t e d  equipment.  The Following paragraphs  d i s c u s s  a d d i -  
t i o n a l  c o n s i d e r a t i o n s  f o r  long l i f e  d e s i g n .  
B .  DESIGN POLICIES AND GUIDELINES 
None of t h e  companies su rveyed  had d e t a i l e d  formal  p r o c e d u r e s ,  
s t a n d a r d s ,  o r  p o l i c i e s  e s t a b l i s h e d  f o r  u s e  by d e s i g n e r s  t o  a s s i s t  
i n  t h e  d e s i g n  of  long  l i f e  components.  A l l  companies r e l y  on t h e  
a b i l i t y  of  t h e i r  e n g i n e e r s  t o  a c h i e v e  l o n g  l i f e  d e s i g n  by u s i n g  
t h e  l a t e s t  s t a t e - o f - t h e - a r t  components and d e s i g n  p r a c t i c e s .  Qual-  
i t y  and r e l i a b i l i t y  a r e  s t r e s s e d .  The d e s i g n e r s  t r y  t o  minimize  
s t r e s s  and a v o i d  i n c o m p a t i b l e  m a t e r i a l s .  C r i t i c a l  hardware  i s  de-  
s i g n e d  f o r  h i g h  r e l i a b i l i t y ,  which i s  t h e n  proved th rough  q u a l i f i -  
c a t i o n  and r e l i a b i l i t y  t e s t i n g .  Screened p a r t s  a r e  o f t e n  used  i n  
e l e c t r o n i c  equipment and d e r a t i n g  t e c h n i q u e s  a r e  a p p l i e d .  Confor-  
mal and o t h e r  c o a t i n g s  a r e  used  t o  minimize environmental  s t r e s s e s .  
These and t h e  f o l l o w i n g  g e n e r a l  g u i d e l i n e s  a r e  a p p l i e d  t o  equipment 
d e s i g n  f o r  maximum l i f e :  
1)  Minimize u s e  of  c o l d  f low s u s c e p t i b l e  m a t e r i a l s ;  
2 )  M a i n t a i n  a d e q u a t e  s t r u c t u r a l  s t r e n g t h  on p r e s t r e s s e d  
p a r t s ,  e . g . ,  s p r i n g s  and diaphragms; 
3 )  S e l e c t  m a t e r i a l  n o t  s u b j e c t  t o  c o r r o s i o n .  
M i l i t a r y  handbooks and s p e c i f i c a t i o n s  a r e  w i d e l y  u s e d  by de-  
s i g n e r s  when s e l e c t i n g  m a t e r i a l s  and e s t a b l i s h i n g  l i f e  l i m i t s ,  
p a r t i c u l a r l y  w i t h  r e s p e c t  t o  rubber  p r o d u c t s .  MIL-HDBK-695 i s  t h e  
M i l i t a r y  S t a n d a r d i z a t i o n  Handbook c o v e r i n g  r u b b e r  p r o d u c t s  s h e l f  
s t o r a g e  l i f e .  "This handbook p r o v i d e s  gu idance  a s  t o  t h e  t i m e  p e r i -  
ods d u r i n g  which r u b b e r  p r o d u c t s  may be  s t o r e d  w i t h o u t  d e t e r i o r a -  
t i o n .  The handbook c o v e r s  r u b b e r  p r o d u c t s  of M i l i t a r y ,  F e d e r a l ,  
and r e c o g n i z e d  i n d u s t r y  s p e c i f i c a t i o n s .  The handbook i s  n o t  i n t e n -  
ded t o  be  r e f e r e n c e d  i n  purchase  s p e c i f i c a t i o n s  e x c e p t  f o r  informa-  
t i o n a l  purposes ,  nor  s h a l l  i t  s u p e r s e d e  any s p e c i f i c a t i o n  r e q u i r e -  
ments ." (Ref 1 5 ) .  
I n  a d d i t i o n  t o  m i l i t a r y  handbooks and s p e c i f i c a t i o n s ,  o t h e r  
documents a r e  a v a i l a b l e  t h a t  p r o v i d e  g u i d e l i n e s  f o r  m a t e r i a l  s e l e c -  
t i o n ,  such as C o r r o s i o n  PreventionfDeterioration C o n t r o l  i n  E l e c -  
t r o n i c  Components and Assembl ies ,  by R. H. S p a r l i n g .  "The purpose  
of t h i s  document i s  t o  f o c u s  t h e  a t t e n t i o n  of d e s i g n e r s  on c o r r o -  
s i o n  and t h e  consequent  d e g r a d a t i o n  of r e l i a b i l i t y  of e l e c t r o n i c  
i t e m s .  The r e p o r t  p o i n t s  o u t  dangerous  combinat ions  of  m a t e r i a l s  
and p r o c e s s e s ,  emphasizes t h e  importance  of p roper  s e l e c t i o n  of 
m a t e r i a l s ,  and p r o v i d e s  t h e  d e s i g n e r  w i t h  modern t e c h n i q u e s  f o r  
p r e v e n t i o n  of d e t e r i o r a t i o n .  The a i m  of t h e  r e p o r t  i s  n o t  t o  
d i c t a t e  d e s i g n ,  bu t  t o  h e l p  t h e  d e s i g n e r  meet env i ronmenta l  r e -  
qu i rements  ." (Ref 1 6 ) .  
A p r o p o s a l  by AC E l e c t r o n i c s  D i v i s i o n  of Genera l  Motors Corpo- 
r a t i o n  c o n t a i n e d  a  S h e l f  L i f e  Guidance Summary which would p r o v i d e  
g u i d e l i n e s  c o n c e r n i n g  m a t e r i a l s  and components l i f e  l i m i t s .  S e l -  
e c t e d  e n t r i e s  from t h i s  g u i d e  (Ref 17) a r e  shown i n  T a b l e  V I - l .  
"This s h e l f  L i f e  Guidance Summary i s  p r e s e n t e d  a s  a  condensed g u i d e  
c o v e r i n g  t h e  known "STATE-OF-ART" m a t e r i a l  p e r t a i n i n g  t o  degrada-  
t i o n  of p a r t s  and a s s e m b l i e s  d u r i n g  non-opera t ing  s t o r a g e .  The 
m a t e r i a l  p r e s e n t e d  h e r e i n  i s  t h e  r e s u l t  of  l i t e r a t u r e  s e a r c h e s  and 
p a s t  e x p e r i e n c e .  The recommendations f o r  i n i t i a l  s h e l f  l i f e  a s -  
signment may be  t o  t h e  c o n s e r v a t i v e  s i d e ,  b u t  t h i s  approach  i s  j u s -  
t i f i e d  by t h e  f a c t  t h a t  Lhese recommendations a r e  p r e s e n t e d  p r i -  
m a r i l y  f o r  "Man Ra ted"  m i s s i l e  programs." (Ref 17) 
The Genera l  E l e c t r i c  Company, M i s s i l e  and Space  D i v i s i o n ,  u s e s  
a  t h r e e - s t e p  approach t o  extend a l l o w a b l e  a g e  o r  o p e r a t i o n a l  l i m i t s  
o r  e n s u r e  r e l i a b i l i t y  under e x i s t i n g  l i m i t s .  
F i r s t ,  a n  Aging Modes and E f f e c t s  A n a l y s i s  a s  d e s c r i b e d  i n  
Chapter  1 V . A  i s  performed t o  de te rmine  what i t ems  i n  a  component 
a r e  age  c r i t i c a l  and t o  de te rmine  t h e i r  l i f e  l i m i t a t i o n s .  Modi f i -  
c a t i o n  of  t h e  d e s i g n  i s  accomplished i f  c a l e n d a r  o r  c y c l i c  l i f e  
does n o t  meet s p e c i f i c a t i o n s .  Exper ienced c h e m i s t s ,  p h y s i c i s t s ,  
o r  m a t e r i a l  e n g i n e e r s  perform t h e  AMEA b e c a u s e  i t  i s  e s s e n t i a l l y  
performed a t  t h e  m a t e r i a l s  l e v e l .  Secondly ,  t h e  d e s i g n e r  i n c l u d e s  
a  l i f e  a n a l y s i s ,  i n c l u d i n g  t h e  AMEA, i n  h i s  d e s i g n  r e p o r t  s u b m i t t e d  
t o  t h e  d e s i g n  rev iew b o a r d .  P a r t  of t h e  d e s i g n  rev iew b o a r d ' s  
f u n c t i o n  i s  t o  e n s u r e  t h a t  l i f e  r e q u i r e m e n t s  a r e  met .  F i n a l l y ,  a  
p r o p e r l y  c o n s t i t u t e d  s u r v e i l l a n c e  program i s  implemented t o  e n s u r e  
t h a t  e s t i m a t e d  l i f e  l i m i t s  a r e  b e i n g  o b t a i n e d  i n  a c t u a l  s t o r a g e  o r  
s e r v i c e .  
A t  Genera l  E l e c t r i c ,  M i s s i l e  and Space D i v i s i o n ,  an  I n t e g r a t e d  
T e s t  Program Board (ITPB) de te rmines  whether  equipment h a s  met t h e  
requ i rements  o f  any l e v e l  of  q u a l i f i c a t i o n .  The board  concerns  i t -  
s e l f  w i t h  t e c h n i c a l  e v a l u a t i o n  of  t h e  t e s t  s p e c i f i c a t i o n s  and r e -  
s u l t s  and d e c i d e s  whether  they  f o r m u l a t e  a  v a l i d  b a s i s  f o r  q u a l i -  
f i c a t i o n  a n d / o r  r e q u a l i f i c a t i o n .  L i f e  i s  c o n s i d e r e d  a  performance 
pa ramete r .  Thus t h e  ITPB i s  r e s p o n s i b l e  t o  e n s u r e  t h a t  l i f e  re- 
quirements  a r e  met .  
The ITPB i s  c h a i r e d  by a  r e p r e s e n t a t i v e  from t h e  R e l i a b i l i t y  
and T e c h n i c a l  Requirements  S e c t i o n  and members from t h e  Program 
O f f i c e ,  E n g i n e e r i n g  S e c t i o n ,  Q u a l i t y  C o n t r o l  and T e s t  S e c t i o n  
Systems and Techno log ies  S e c t i o n ,  Manufactur ing S e c t i o n ,  and LIG- 
c e s s a r y  s p e c i a l i s t s .  Each program has  i t s  own ITPB. 
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Table V I - 1  Excerpts from Shelf L i f e  Guidance Summary C 
ITEM 
1. B a t t e r i e s  
a .  Lead Acid - Dry 
Charged 
b .  Lead Acid - Wet 
Charged 
c .  Nickel Cadmium 
2 .  Bearing, An t i -F r i c t ion  
a .  O i l .  ~ u b r i c a t e d  
DETERIORATION 
MODES 
Poor charge r e t e n t i o n :  I n  
genera l ,  the a c t i v a t e d  charge 
r e t e n t i o n  when s t o r e d  a t  spe-  
c i f i c  temperatures ( t o  1 1 2  
i n i t i a l  capac i ty)  w i l l  be: 
Temperature 80°F 125°F 
Retent ion  Time 1-2Mo.lWeek 
165°F 
112 Day 
Corrosion;  P a r t i c l e  contam- 
i n a t i o n ;  Lubricant degrada- 
t i o n  i n  pre lubr ica ted  








Replace a f t e r  100 cycles  of com- 
p l e t e  charge and d ischarge .  A 
s p e c i f i c  g r a v i t y  check should be 
made every 30 days except when ex- 
posed t o  e leva ted  temperatures .  
Packaged bear ings  and bear ings  i n  
assembly should be inspec ted ,  r e -  
furb ished ,  r e l u b r i c a t e d  o r  rep laced  
when s to rage  l i m i t s  a r e  reached.  
Except where torque r e s t r i c t i o n s  
a r e  imposed, bearings s t o r e d  i n  r e -  
qui red  usage lub r i can t  may be a s -  
sembled i n  equipment i f  used with-  
i n  t h e  allowed s to rage  per iod .  
Where torque l i m i t s  a r e  s p e c i f i e d ,  
app l i cab le  bearings should be r e -  
q u a l i f i e d  before  assembly i n t o  
equipment, or  p r i o r  t o  end item 
deployment, a f t e r  a  12-month period 
i n  s to rage .  
NOTE: 1A8 package is minimum al low- 
a b l e  f o r  s to rage .  
6 .  C i r c u i t  Breakers  
Magnetic 
Thermal 
7 .  C o i l s  
8 .  Connectors 
9 .  C r y s t a l s  
Sealed 
Nan-Sealed 
10.  Coupling 
F l u i d  
1 1 .  Diodes 
1 2 .  Elapsed Time In-  
d i c a  t o r  
13. F i l t e r s ,  E l e c t r i c a l  
D r i f t  ( S e t  p o i n t  change) 
S i l v e r  migra t ion  through 
go ld  f l a s h  on pins - sub- 
sequent  t a r n i s h  formation 
develops h igh  c o n t a c t  re- 
s i s t a n c e .  
D r i f t  
Not used i n  T-111 M 
"0" Ring s e a l i n g  degrada t ion  
Leakage c u r r e n t  i n c r e a s e s ;  
S a t u r a t i o n  and Zener v o l t a g e  
decreases  ; Forward v a l  tage 
drop  i n c r e a s e s ;  Dynamic l m -  











Minimum p r o t e c t i o n ,  of 1A8 package. 
I t  is impera t ive  t h a t  t h e s e  i t ems  
b e  s t o r e d  w i t h  c o n t a c t s  i n  t h e  
c l o s e d  p o s i t i o n  ( t h i s  i s  t h e  r u l e  
and t h e  c o n d i t i o n  of shipment from 
t h e  manufac ture rs ) .  C a l i b r a t i o n  
b e f o r e  use  i s  mandatory. 
C o r r e c t i v e  a c t i o n  underway. Est im- 
a t e d  s h e l f  l i f e  on new procurement 
connec tors  t h a t  do n o t  employ s i l v e r  
p l a t i n g  - 60 R .  
Minimum p r o t e c t i o n ,  a t  l e a s t  1A8 
package. 
Minimum packaging p r o t e c t i o n .  Type 
lA8. and P r e f e r a b l y  Type 2 ( w i t h  
d e s i c c a n t )  . 
These items are  s e n s i t i v e  t o  damage 
dur ing  handl ing  and when exposed t o  
m o i s t u r e .  P r o t e c t i o n  i s  r e q u i r e d  
t o  e l i m i n a t e  bending or f l e x i n g  of 
the  l e a d s , . p a r t i c u l a r l y  a t  t h e  case 
j u n c t i o n .  Packaging should be done 
i n  a  c l e a n ,  low humidi ty atmosphere 
( P r e f e r a b l y  l e s s  than 50'1. r e l a t i v e  
humidity) 
Table V I - 1  ( conc l )  
The use of t hese  recommendations i s  based on the  fol lowing concepts : 
1. Each item s t o r e d  i n  a  non-operating mode must be packaged i n  
accordance wi th  t h e  "Preferred Packaging I n s t r u c t i o n s "  of MIL- 
P-116*. Packaging must be adequate t o  p ro tec t  each item from 
cor ros ion ,  excess humidity, e t c . ,  and t o  provide proper physi- 
c a l  p ro tec t ion  during handling and s to rage .  
2. Under t h e  column "Storage ~ i m i t s "  the  b a s i c  she l f  l i f e  (non- 
opera t ing  s torage)  period i s  s p e c i f i e d  a s  follows : 
a .  00: The des ignat ion  00 i n d i c a t e s  t h a t  f o r  a l l  p r a c t i c a l  
purposes no apprec iable  degradat ion of t h e  item w i l l  occur 
during a  s h e l f  l i f e  period of 10 t o  12 yea r s .  However, 
no item can be considered t o  have an unl imited non-opera- 
t i n g  s to rage  c a p a b i l i t y .  Therefore,  i t  i s  recommended 
t h a t  no p a r t  over 10 years  o l d  be used, e i t h e r  a s  a  spa re  
or  i n  production of new equipment. 
When a  spa re  p a r t  with t h i s  des ignat ion  reaches t h e  age 
of 10 years  a  dec is ion  should be made t o  e i t h e r  r ep lace  
t h e  p a r t  or t o  d e l e t e  i t  from inventory .  I f  t h e  program 
has l e s s  than two years t o  completion, t h e  item could be 
l e f t  i n  inventory with no a c t i o n  but  t h e  12-year point  
should never be exceeded. 
b .  B: A two-digit  number wi th  the s u f f i x  R i n d i c a t e s  t h e  
bas i c  s h e l f - l i f e  i n  months be fo re  a  r e t e s t ,  r e p a i r ,  
r ep lace ,  or  other  maintenance a c t i o n  should be performed. 
The maintenance ac t ion  may range from c lean ing  and r e l u -  
b r i c a t i n g  bearings t o  f u l l  func t iona l  r e t e s t  inc luding  
v i b r a t i o n .  The maintenance a c t i o n  when accomplished would 
i n s u r e  bas i c  ope ra t iona l  adequacy of t h e  item and would 
r e q u a l i f y  t h e  item f o r  another  per iod  of non-operating 
s to rage .  The u l t ima te  extension of t h e  s h e l f  l i f e  period 
may range from two t o  th ree  times t h e  o r i g i n a l  assigned 
period by properly spaced maintenance a c t i o n s .  
9:MIL-P-116 should be supplemented a s  noted under comment sec t ion  
of a t tached  s h e l f  l i f e  guide.  
- 
I t  i s  t h e  consensus  of  t h o s e  surveyed t h a t  a  company's d e s i g n  
e n g i n e e r s  through c o o r d i n a t i o n  w i t h  a l l  of  t h e  o t h e r  e n g i n e e r i n g  
d i s c i p l i n e s ,  m a t e r i a l s ,  r e l i a b i l i t y ,  m a i n t a i n a b i l i t y ,  e t c ,  can  
d e s i g n  components t h a t  w i l l  meet t h e  s p e c i f i c a t i o n  requ i rements  
imposed. The company's p o l i c i e s  and  p rocedures  governing c o o r d i -  
n a t i o n  of  t h e  e f f o r t s  of  t h e  v a r i o u s  e n g i n e e r i n g  depar tments  makes 
e s t a b l i s h m e n t  of  s p e c i f i c  p o l i c i e s  c o v e r i n g  long l i f e  d e s i g n  un- 
n e c e s s a r y .  
C . SELECTION OF MATERIAL AND PIECE PARTS 
I t ems  should  be  s e l e c t e d  where p o s s i b l e  on t h e  b a s i s  of 
proved c a p a b i l i t y  of  each  p a r t  and m a t e r i a l  f o r  i t s  a p p l i c a t i o n ,  
i n c l u d i n g  demons t ra ted  l i f e  l i m i t s .  The s e l e c t i o n  shou ld  b e  from 
s o u r c e s  employing e f f e c t i v e  r e l i a b i l i t y  and q u a l i t y  programs i n  
t h e i r  manufac tu re .  
To e n s u r e  long  i t e m  l i f e ,  t h e  m a t e r i a l s  s h o u l d  b e  a s  c o m p a t i b l e  
a s  p o s s i b l e  w i t h  t h e i r  environment .  S e l e c t i o n  of  t h e  l o n g e s t  l i f e  
m a t e r i a l  i s  n o t  always p o s s i b l e  b e c a u s e  o f  d e s i g n  parameter  t r a d e -  
o f f s .  S i m i l a r l y  e x t e n s i o n  of  i t e m  l i f e  v i a  m a t e r i a l  changes i s  
n o t  a lways  p o s s i b l e -  a l t h o u g h  a c c e p t a b l e  new m a t e r i a l s  may become 
a v a i l a b l e .  I n f o r m a t i o n  on m a t e r i a l  l i v e s  i s  a v a i l a b l e  and a  pa r -  
t i a l  l i s t  may be  e x t r a c t e d  from t h e  b i b l i o g r a p h y  (App A) .  
P i e c e  p a r t s  shou ld  b e  chosen  among items a l r e a d y  q u a l i f i e d  t o  
p e r t i n e n t  s p e c i f i c a t i o n s .  Use o n l y  t h e  minimum p r a c t i c a l  number 
of s t y l e s  of  each g e n e r i c  t y p e .  When s e l e c t i n g  i t ems  p r e v i o u s l y  
q u a l i f i e d ,  p a r t i c u l a r  a t t e n t i o n  shou ld  be  devo ted  t o  how c u r r e n t  
t h e  d a t a  a r e ,  a p p l i c a b i l i t y  of  b a s i s  f o r  q u a l i f i c a t i o n ,  and ade-  
quacy of s p e c i f i c a t i o n s .  The r e s u l t s  of t h e  s e l e c t i o n  w i l l  d e t e r -  
mine t h e  r e q u i r e m e n t s ,  i f  any,  f o r  a d d i t i o n a l  q u a l i f i c a t i o n  (and  
l i f e )  t e s t i n g .  
D .  DERATING 
D e r a t i n g  of  components o r  p a r t s  i s  one t echn ique  used t o  i n -  
c r e a s e  r e l i a b i l i t y  of a s s e m b l i e s  o r  sys tems .  D e r a t i n g  may be used  
i n  mechanical  o r  s t r u c t u r a l  sys tems a s  w e l l  a s  e l e c t r o n i c  and e l e c -  
t r i c a l  sys tems .  The u s u a l  t e c h n i q u e  i s  t o  a p p l y  t h e  p a r t  a t  power, 
e x i t a t i o n ,  o r  s t r e s s  l e v e l s  below t h e  normal o r  r a t e d  a p p l i c a t i o n  
l e v e l s .  The d e r a t i n g  f a c t o r  o r  p e r c e n t a g e  i s  o f t e n  a compromise 
between we igh t  c o n s i d e r a t i o n s  and  d e s i r e d  r e l i a b i l i t y  f a c t o r s .  
D e r a t i n g  h a s  l i t t l e  o r  no e f f e c t  on s t o r a g e  f a i l u r e  r a t e s  of  
e l e c t r o n i c  equipment,  b u t  may have some e f f e c t  on mechanical  i t e m s .  
The e f f e c t  of d e r a t i n g  on o p e r a t i n g  l i m i t s  w i l l  v a r y  w i t h  e a c h  
c a s e  and depends on a  v a r i e t y  o f  f a c t o r s ,  s u c h  a s  c r i t i c a l i t y ,  
s p e c i f i c a t i o n  r e q u i r e m e n t s ,  and e x t e n t  of d e r a t i n g .  
V I I .  COMPONENT CONSIDERATIONS 
The pu rpose  o f  t h i s  c h a p t e r  i s  t o  o r i e n t  and in fo rm t h e  r e a d e r  
a b o u t  some o f  t h e  l i f e  l i m i t e d  a s p e c t s  o f  s e l e c t e d  m a t e r i a l s  and 
i t e m s  by f u n c t i o n a l  c a t e g o r i e s .  T h i s  c h a p t e r  w i l l  d i s c u s s  how 
t h e  l i v e s  of s e l e c t e d  m a t e r i a l s  and i t e m s  were  d e t e r m i n e d ,  and i n  
some c a s e s  e x t e n d e d ,  by t h e  methods  o u t l i n e d  i n  c h a p t e r  V . C .  The 
l i f e  l i m i t s  imposed by v a r i o u s  government a g e n c i e s  and m a n u f a c t u r e r s  
w i l l  b e  d i s c u s s e d  and compared.  
Each of  t h e  m a t e r i a l s  o r  c a t e g o r i e s  cove red  was chosen  b e c a u s e  
o f  t h e  l i m i t a t i o n s  t h e y  imposed upon t h e  l i v e s  o f  components o r  
t h e  l a u n c h  v e h i c l e .  Not a l l  l i f e  l i m i t e d  m a t e r i a l s  o r  c a t e g o r i e s  
a r e  c o v e r e d ;  however,  t h o s e  p r e s e n t e d  a r e  c o n s i d e r e d  t o  be i n -  
v o l v e d  i n  t h e  m a j o r  problem a r e a s  c o n c e r n i n g  l i f e  l i m i t a t i o n s .  
The p r e s e n t a t i o n s  on each  o f  t h e  f o l l o w i n g  m a t e r i a l s  o r  c a t e g o r i e s  
a r e  e s s e n t i a l l y  s e l f  e x p l a n a t o r y .  
A .  MATERIALS 
1. S o f t  Goods 
S o f t  goods  a r e  t h e  most  f r e q u e n t l y  ment ioned l i f e  l i m i t e d  
i t e m s .  S o f t  goods  i n c l u d e  s e a l s ,  g a s k e t s ,  O - r i n g s ,  h o s e s ,  e t c .  
Var ious  polymers a r e  u s u a l l y  employed i n  a e r o s p a c e  s o f t  goods .  
E i t h e r  e l a s t o m e r s  ( s y n t h e t i c  r u b b e r s )  o r  p l a s t i c s  a r e  u s e d .  Dy- 
namic a p p l i c a t i o n s  of  s e a l s ,  O - r i n g s ,  and h o s e s  were  o f  p a r t i c u l a r  
c o n c e r n .  S o f t  goods  i n  s t a t i c  a p p l i c a t i o n s  w e r e ,  i n  g e n e r a l ,  con- 
s i d e r e d  t o  have  open-ended l i v e s  s u b j e c t  t o  p e r i o d i c  i n s p e c t i o n  
o r  l e a k  t e s t .  Dust  s e a l  and  s i m i l a r  a p p l i c a t i o n s  a r e  o f t e n  no t  
checked a t  a l l .  
MSFC c o n t r o l s  t h e  a g e  o f  s y n t h e t i c  r u b b e r s  w i t h  MSFC-STD-105. 
T h i s  s t a n d a r d  l i m i t s  t h e  l i v e s  o f  s y n t h e t i c  r u b b e r s  t o  12  q u a r t e r s  
from c u r e  d a t e  t o  i n s t a l l a t i o n  ( s h e l f  l i f e )  and t o  32 q u a r t e r s  
i n s t a l l e d .  The a g e  c o n t r o l  s p e c i f i c a t i o n  f o r  s y n t h e t i c  r u b b e r s  
a t  Kennedy Space C e n t e r  i s  Drawing 79K0030. I t  l i m i t s  t h e  s h e l f  
l i f e  t o  8 q u a r t e r s  and t h e  maximum i n s t a l l e d  l i f e  t o  1 6  q u a r t e r s .  
Thus ,  t h e  KSC l i f e  l i m i t s  a r e  more r e s t r i c t i v e  on i n s t a l l e d  l i f e  
t h a n  MSFC. 
With ANA B u l l e t i n  438c,  t h e  A i r  Force  and Navy d e l i n e a t e  age  
l i m i t a t i o n s  f o r  s p e c i f i e d  s y n t h e t i c  r u b b e r s  d u r i n g  v a r i o u s  phases  
b e f o r e  d e l i v e r y  (DD250) t o  t h e . p r o c u r i n g  a c t i v i t y .  A f t e r  de-  
l i v e r y ,  USAF a g e  l i m i t e d  i t e m s  a r e  c o n t r o l l e d  by t h e  T.O. 20K 
s e r i e s  o f  documents (R&D i t e m s  e x c e p t e d ) .  ANA 438c l i m i t s  s h e l f  
l i f e  t o  8 q u a r t e r s  and t h e  i n s t a l l e d  l i f e  p r i o r  t o  DD250 t o  12 
q u a r t e r s .  The s h e l f  l i f e  l i m i t s  of  KSC and MSFC a r e  8  q u a r t e r s ,  
and 12 q u a r t e r s  r e s p e c t i v e l y .  The assembled l i f e  l i m i t s  of t h e  
KSC, MSFC, and ANA 438c s p e c i f i c a t i o n s  a r e  n o t  comparable because  
of a p p l i c a t i o n  d e f i n i t i o n  d i f f e r e n c e s .  
The l i f e  of  a n  u n i n s t a l l e d  e l a s t o m e r  on t h e  s h e l f  i s  no t  a f -  
f e c t e d  by i t s  f u t u r e  a p p l i c a t i o n ;  however, t h e  i n s t a l l e d  l i f e  of 
an  e l a s t o m e r  can v a r y  a c c o r d i n g  t o  i t s  a p p l i c a t i o n .  For  example, 
t h e  l i f e  of a n  e l a s t o m e r  i n s t a l l e d  i n  a  h y d r a u l i c  ground u n i t  
might  be d i f f e r e n t  from t h a t  of an  e l a s t o m e r  i n  a n  a i r b o r n e  pneu- 
m a t i c  u n i t .  The t h r e e  l i f e  c o n t r o l  documents s t a t e  t h e  i n s t a l l e d  
l i f e  l i m i t s  w i t h o u t  r e g a r d  t o  t h e  d i f f e r e n t  a p p l i c a t i o n s  and en- 
v i ronments  encoun te red .  The A i r  Force  can (and does )  v a r y  t h e  
I , .  l n - s e r v i c e "  i n s t a l l e d  l i v e s  v i a  t h e  T.O. 20K documents t o  accoun t  
f o r  a p p l i c a t i o n  and environment d i f f e r e n c e s  a f t e r  d e l i v e r y .  The 
two NASA documents do n o t  p rov ide  f o r  m o d i f i c a t i o n  t o  s y n t h e t i c  
rubber  l i f e  l i m i t s  t o  r e f l e c t  a p p l i c a t i o n  and environment e f f e c t s .  
It i s  assumed t h a t  t h e  age  l i m i t s  s p e c i f i e d  i n  MSFC-STD-105 
were d e f i n e d  t o  p rov ide  adequa te  l i v e s  under t h e  most s e v e r e  com- 
b i n a t i o n s  of  a p p l i c a t i o n  and  environment .  Hence the  l i v e s  of  
s y n t h e t i c  r u b b e r s  used under l e s s  than  w o r s t - c a s e  c o n d i t i o n s  
cou ld  be s a f e l y  ex tended .  MSFC-STD-105 cou ld  be r e v i s e d  t o  spe -  
c i f y  t h e  l i v e s  of i n s t a l l e d  s y n t h e t i c  rubbers  by a p p l i c a t i o n  and 
environment ,  v i z ,  a i r b o r n e  o r  ground and e i t h e r  pneumatic,  hydrau-  
l i c ,  f u e l ,  e t c .  The s p e c i f i e d  maximum l i v e s  cou ld  be f u r t h e r  c a t e -  
g o r i z e d  i n t o  h i g h  t e m p e r a t u r e ,  low tempera tu re ,  c r i t i c a l i t y ,  e t c .  
However, t h i s  much d e t a i l e d  l i f e  d e f i n i t i o n  may no t  be worth  t h e  
r e q u i r e d  e f f o r t .  An o p t i m i z a t i o n  t r a d e o f f  s t u d y  i s  r e q u i r e d  be- 
tween t h e  c o s t  of d e t e r m i n i n g  t h e  l i v e s  of e l a s t o m e r s  f o r  v a r i o u s  
a p p l i c a t i o n s  and environments  and t h e  c o s t  s a v i n g  from e x t e n d i n g  
t h e  l i v e s  of t h e  i t e m s .  
Only one o r g a n i z a t i o n  b e l i e v e s  t h a t  p r e s e n t l y  a c c e p t e d  p re -  
f l i g h t  l i m i t s  a r e  too  l i b e r a l ,  and t h i s  was f o r  t h e  s p e c i a l  c a s e  
of t h e  s p a c e c r a f t  i n t e n d e d  f o r  extended s p a c e  m i s s i o n s .  The ma- 
j o r i t y  of t h o s e  i n t e r v i e w e d  d u r i n g  t h e  s u r v e y  t r i p s  b e l i e v e d  t h a t  
t h e  l i f e  l i m i t s  imposed on e l a s t o m e r s  were t o o  c o n s e r v a t i v e .  
S e v e r a l  b i b l i o g r a p h y  e n t r i e s  and t r i p  r e p o r t s  v e r i f y  t h i s  conc lu -  
s i o n .  The f o l l o w i n g  f a c t s  i l l u s t r a t e  t h i s  conc lus ion :  
1 )  E l a s t o m e r i c  O-r ings  a r e  never  changed i n  P o l a r i s  com- 
ponents  u n l e s s  the  r i n g s  f a i l  o r  a r e  exposed d u r i n g  a  
d i sassembly  o p e r a t i o n  ( T r i p  Repor t  11-15) ;  
2 )  Vickers  I n c o r p o r a t e d  f e e l s  t h a t  c u r r e n t  l i f e  l imi t s  on 
h y d r a u l i c  system O-r ings  a r e  too r e s t r i c t i v e .  Vickers  
i n v e s t i g a t e d  h y d r a u l i c  equipment r ecovered  from c rashed  
p l a n e s  ( s e e  Chapter  V) and r e p o r t e d  t h a t  n i t r i l e  rubber  
compounds were v e r y  long  l i v e d  when p r o t e c t e d  from 
ozone and s u n l i g h t .  Vickers  b e l i e v e s  t h a t  sys tems or 
components should  n o t  be d isassembled f o r  O-r ing r e -  
placement fo l lowing  s t o r a g e  u n l e s s  l eakage  i s  found 
d u r i n g  r e t e s t ;  
3 )  The Convair  D i v i s i o n  of Genera l  Dynamics i n  t h e i r  age  
c o n t r o l  document f o r  s y n t h e t i c  rubber  (Dwg. 1-02737) 
s e t s  t h e  cure  d a t e  t o  i n s t a l l a t i o n  l i m i t  a t  42 q u a r t e r s  
and t h e  i n s t a l l a t i o n  l i m i t  a f t e r  DD250 a t  48 q u a r t e r s  
f o r  t h e  ABRES E / F  m i s s i l e .  These l i m i t s  were based on 
d a t a  and e x p e r i e n c e .  The Oklahoma C i t y  AMA h a s  ex-  
tended O-r ing s h e l f  l i v e s  up t o  40 q u a r t e r s  i n  one 
y e a r  inc rements  a f t e r  a n a l y s e s  of t e s t  and s u r v e i l -  
l a n c e  d a t a .  These l i m i t s  a r e  c o n s i d e r a b l y  above those  
s p e c i f i e d  by MSFC-STD-105. These a r e  o n l y  two ex- 
amples of l i f e  l i m i t s  g r e a t e r  than t h o s e  d e f i n e d  i n  
t h e  MSFC and KSC s p e c i f i c a t i o n s .  
Many of  those  in te rv iewed  b e l i e v e  t h a t  dynamic s e a l s ,  e spe -  
c i a l l y  O- r ings ,  should n o t  be d i s t u r b e d  a f t e r  i n s t a l l a t i o n  u n l e s s  
t e s t s  i n d i c a t e  l e a k a g e .  It was f e l t  t h a t  t h e  p r o b a b i l i t y  of com- 
ponent damage d u r i n g  r e f u r b i s h m e n t  was g r e a t e r  than the  p r o b a b i l -  
i t y  of l eakage  due t o  a g i n g .  I t  i s  no t  recommended t h a t  s e a l s  
have open-ended l i v e s ;  however, t h e  r e f u r b i s h m e n t  p e r i o d  might 
be extended t o  long  d u r a t i o n s ,  perhaps  on t h e  o r d e r  o f  t h e  90 
q u a r t e r s  t o t a l  l i f e  used on t h e  A t l a s  ABRES E/F.  
2 .  P o t t i n g  Compounds 
S e r v i c e  exper ience  i n d i c a t e s  t h a t  some e n c a p s u l a n t s  have poor 
h y d r o l y t i c  s t a b i l i t y  and tend t o  r e v e r t  t o  l i q u i d s .  Some rubber  
e n c a p s u l a n t s ,  such a s  p o l y u r e t h a n e  and p o l y a c r y l a t e ,  can r e v e r t  
t o  a  l i q u i d  s t a t e  under environmental  s t r e s s ,  u s u a l l y  i n v o l v i n g  
h i g h  humid i ty  and a c c e l e r a t e d  by h i g h  t e m p e r a t u r e s .  
D i f f i c u l t y  h a s  been exper ienced  a f t e r  abou t  18 months w i t h  
t h e  po lyure thane  p o t t i n g  i n  USAF a i r p l a n e s  l o c a t e d  i n  humid en- 
v i ronments .  T h i s  problem h a s  been p a r t i c u l a r l y  a c u t e  i n  South 
Vietnam where h i g h  t empera tu res  a c c e l e r a t e  t h e  d e t e r i o r a t i o n .  
The USAF i s  c u r r e n t l y  r e p l a c i n g  a l l  po lyure thane  p o t t i n g  ( T r i p  
Repor t  1 1 - 2 3 ) .  A 3-  t o  5 -yea r  maximum l i f e  h a s  been e s t i m a t e d  
from a c c e l e r a t e d  a g i n g  t e s t s  u s i n g  A r r h e n i u s  p l o t s .  Complete 
d e g r a d a t i o n  o c c u r r e d  a t  t e s t  t e m p e r a t u r e s  o f  150°F. Because of  
h y d r o l i t i c  i n s t a b i l i t y ,  f a i l u r e  h a s  o c c u r r e d  a t  a  t e s t  tempera- 
t u r e  of  75°F and 50% r e l a t i v e  humid i ty .  
McDonnell Douglas r e p o r t e d  epoxy p o t t i n g  compound f a i l u r e s  
a f t e r  a b o u t  5  y e a r s ;  t h e  p o t t i n g  f lowed o u t  o f  t h e  connec to r s  
( T r i p  Repor t  11-10) .  The OCAMA r e p o r t e d  p o t t i n g  compounds 3 M ,  
EC 20273, and Pro Sea l  777 have been a  problem, degrad ing  w i t h  
t ime ,  t e m p e r a t u r e ,  and humid i ty .  The compounds a l s o  r e v e r t  t o  
a  l i q u i d  and r u n  o u t  of  t h e  c o n n e c t o r .  The 3M and Pro S e a l  
compounds a r e  no longer  used ( T r i p  Repor t  11-12) .  
It i s  recommended t h a t  a l l  e n c a p s u l a n t s  t h a t  a r e  u n s t a b l e  
be d e l e t e d  from f u t u r e  u s e ,  and u n s t a b l e  e n c a p s u l a n t s ,  such a s  
po lyure thane  and p o l y a c r y l a t e  t h a t  have been employed be mon- 
i t o r e d  f o r  any i n d i c a t i o n  of  d e g r a d a t i o n .  A low humid i ty  and 
t empera tu re  environment  w i l l  p ro long  t h e  e n c a p s u l a n t  l i v e s .  
The d e g r a d a t i o n  t e s t s  shou ld  i n c l u d e  m a t e r i a l  samples from below 
t h e  s u r f a c e  of  t h e  p o t t i n g  because  some of t h e  p o t t i n g  f a i l u r e s  
do no t  a p p e a r  on t h e  s u r f a c e .  Hypodermic s y r i n g e s  have been 
employed t o  o b t a i n  samples of  t h e  p o t t i n g  m a t e r i a l s  f o r  t e s t .  
3 .  P r o t e c t i v e  Coa t ings  
P a i n t s ,  f i n i s h e s ,  and c o a t i n g s  have c a l e n d a r  a g e  l i m i t s .  
The c o r r o s i o n  p r o t e c t i o n ,  r e f l e c t i v i t y ,  and c o n d u c t i v i t y ,  o r  
e m i s s i v i t y  may degrade w i t h  a g e .  It i s  n e c e s s a r y  t o  de te rmine  
t h e  l i f e  l i m i t s  of  p r o t e c t i v e  c o a t i n g s  and e s t a b l i s h  age  con- 
t r o l s ,  i f  r e q u i r e d .  
McDonnell Douglas C o r p o r a t i o n  s t a t e d  t h a t  the rmal  c o a t i n g s  
on o r b i t i n g  s t a g e s  were t h e  b i g g e s t  problems s i n c e  t h e  c o a t i n g s  
degrade p r i o r  t o  launch and must be  r e p l a c e d .  Kapton was sub- 
s t i t u t e d  f o r  Mylar because  of h i g h e r  t e m p e r a t u r e  r e s i s t a n c e  and 
nonburning c h a r a c t e r i s t i c s  ( T r i p  Repor t  1 1 - 4 ) .  
The OCAMA e x t e n d s  t h e  l i v e s  of p r o t e c t i v e  c o a t i n g s  i f  t e s t s  
i n d i c a t e  t h e  c h a r a c t e r i s t i c s  of t h e  c o a t i n g s  a r e  s t i l l  s a t i s -  
f a c t o r y .  Acceptance  t e s t s  a r e  u s u a l l y  conducted i f  c o s t ,  q u a n t i t y  
i n v o l v e d ,  and a p p l i c a t i o n  w a r r a n t  such t e s t s  ( T r i p  Repor t  11-12) .  
The h e a t  s h i e l d  of  MK 6  had a  l i f e  s e t  a t  5  y e a r s ,  3 y e a r s  
of  which  c a n  be o p e r a t i o n a l .  The 5 -yea r  l i f e  h a s  been  ex tended  
based  on  a c c e l e r a t e d  a g i n g  t e s t  ( T r i p  R e p o r t  1 1 - 2 2 ) .  NASA-KSC 
found t h a t  t h e  s h e l f  l i f e  o f  a b l a t i v e  c o a t i n g s  i n c r e a s e s  below 
75'F ( T r i p  R e p o r t  1 1 - 7 1 .  
4 .  Wire I n s u l a t i o n  
No g e n e r a l  problem w i t h  w i r e  i n s u l a t i o n  d e g r a d a t i o n  w i t h  a g e  
was f o u n d .  The Conva i r  D i v i s i o n  o f  G e n e r a l  Dynamics C o r p o r a t i o n  
r e p o r t e d  MIL-5086 w i r e  i n s u l a t i o n  became b r i t t l e  and  c r a c k e d  
a f t e r  4  y e a r s  o f  s t o r a g e .  The a p p e a r a n c e  was bad b u t  megger 
t e s t s  r e v e a l e d  no f a i l u r e s  ( T r i p  R e p o r t  1 1 - 2 6 ) ,  
SMAMA had a  s i m i l a r  e x p e r i e n c e  w i t h  e n g i n e  w i r i n g  h a r n e s s e s  
on  Thor .  The re  were  v i s i b l e  c r a c k s  i n  t h e  c a b l e  o u t e r  s h e a t h ,  
b u t  t h e r e  were  no r e d u c t i o n s  i n  i n s u l a t i o n  r e s i s t a n c e s  ( T r i p  
R e p o r t  1 1 - 1 6 ) ,  
The AC E l e c t r o n i c s  D i v i s i o n  of  G e n e r a l  Moto r s  r e p o r t e d  t h a t  
ny lon  i n s u l a t i o n  on w i r i n g  e x p e r i e n c e d  a c c e l e r a t e d  a g i n g  when 
s u b j e c t e d  t o  t h e  140 ? 5'F s t o r a g e  t e m p e r a t u r e .  Out o f  26 f i v e -  
y e a r  o l d  IMUs, two e l e c t r i c a l  h a r n e s s e s  r e q u i r e d  r e p l a c e m e n t  be-  
c a u s e  o f  i n s u l a t i o n  d e g r a d a t i n n  from t h e  r e q u i r e d  s t o r a g e  tem- 
p e r a t u r e  ( T r i p  Repor t  1 1 - 1 9 ) ,  
Conva i r  r e p o r t e d  T e f l o n  i n s u l a t e d  w i r e  e x h i b i t e d  "co ld  f low"  
phenomenon i n  a r e a s  where b u n d l e s  were  doub led  back  and t i e d  
w i t h  a  s h o r t  r a d i u s .  Copper was v i s i b l e  i n  t h e  bend a r e a .  It 
i s  recommended t h a t  b u n d l e s  n o t  c o n n e c t e d  t o  equipment  be  sup-  
p o r t e d  i n  a p p r o x i m a t e l y  normal p o s i t i o n  r a t h e r  t h a n  be  t i e d  b a c k .  
NASA-KSC s t a t e d  t h a t  e l e c t r i c a l  c a b l e s  s h o u l d  have  a u s e f u l  
l i f e  of a t  l e a s t  5  y e a r s  and s h o u l d  be checked a t  t h i s  t i m e .  C r i -  
t i c a l  c a b l e s  i n  t h e  S a t u r n  GSE a r e  c o n t i n u i t y  and  megger t e s t e d  
b e f o r e  e a c h  l aunch  o p e r a t i o n .  The re  h a s  been  some d e g r a d a t i o n  
of  O - r i n g s  i n  c o n n e c t o r s ;  t h e y  a r e  i n s p e c t e d  e v e r y  t ime a  con- 
n e c t o r  i s  mated ( T r i p  R e p o r t  1 1 - 7 ) .  
5 ,  L u b r i c a t i o n  
I t e m s  r e q u i r i n g  a  L u b r i c a n t  may be  a g e  o r  c y c l e  l i m i t e d  
because  o f  l o s s  of  l u b r i c a n t  ( m i g r a t i o n )  o r  change o f  p h y s i c a l  
p r o p e r t i e s  w i t h  t ime  o r  o p e r a t i o n .  "There a r e  t h r e e  m a j o r  param- 
e t e r s  t h a t  a f f e c t  t h e  l i f e  o f  a  l u b r i c a t e d  i t e m ,  v i z ,  t h e  l u b r i -  
c a n t ,  t h e  m a t e r i a l  b e i n g  l u b r i c a t e d ,  and  t h e  env i ronmen t"  ( p .  
C-27, Ref 1 8 ) .  Hence, t h r e e  f a c t o r s  must  be  c o n s i d e r e d  i n  s e t -  
t i n g  t h e  l i f e  of  a  l u b r i c a t e d  i t e m .  
The p h y s i c a l  p r o p e r t i e s  of a  l u b r i c a n t .  may degrade  w i t h  t ime ,  
p r i m a r i l y  because  t h e  a d d i t i v e s  e v a p o r a t e  away w i t h  t h e  lower 
m o l e c u l a r  we igh t  a d d i t i v e s  e v a p o r a t i n g  f i r s t .  I n  a d d i t i o n ,  t h e  
su r round ing  environment may promote chemical  changes o r  a c t  a s  a  
c a t a l y s t .  Organic  l u b r i c a n t s  do no t  wear o u t  b u t  become con- 
taminated w i t h  usage from wear o r  f o r e i g n  p a r t i c l e s .  So l id  f i l m  
l u b r i c a n t s  such a s  g r a p h i t e  o r  molybdenum d i s u l f i d e  do have f i n i t e  
wear l i v e s  and must have c y c l i c  l i m i t s  imposed. 
F luorocarbon  g r e a s e s  a r e  s t a b l e  w i t h  a g e  ( T r i p  Repor t  11-13) .  
Ord ina ry  g r e a s e s  tend t o  s e p a r a t e  d u r i n g  s t o r a g e ,  e s p e c i a l l y  w i t h  
h i g h e r  t empera tu re  c y c l i n g .  SMAMA had no r e c o r d  of l u b r i c a n t s  
imposing a  t ime l i m i t  on components. However, some o f  those  i n t e r -  
viewed d i d  impose l i f e  l i m i t a t i o n s  on l u b r i c a t e d  i t e m s ;  l i f e  ex- 
t e n s i o n  u s u a l l y  c o n s i s t e d  of r e p l a c i n g  t h e  l u b r i c a n t .  For  ex- 
ample,  t h e  Commercial A i r c r a f t  D i v i s i o n  o f  Boeing Company l imi t s  
t h e  s h e l f  l i f e  of  b e a r i n g s  t o  2  y e a r s  and t h e  o p e r a t i n g  t ime t o  
10,000 h o u r s .  
The AC E l e c t r o n i c s  D i v i s i o n  of  Genera l  Motors h a s  exper ienced  
v e r y  few c o r r o s i o n  problems w i t h  l u b r i c a n t s  because  of  t h e  ma- 
t e r i a l s  u s e d ,  e . g . ,  gold  p l a t e d  IMU housing and p a s s i v a t e d  s t e e l s .  
Bear ings  l u b r i c a t e d  w i t h  g r e a s e  a r e  s t o r e d  3 y e a r s  and 2 y e a r s  i f  
l u b r i c a t e d  w i t h  o i l ,  b e f o r e  being r e l u b r i c a t e d .  Gyros a r e  oper -  
a t e d  u n t i l  they  f a i l .  Use of  TCP ( t r i - c r e s y l - p h o s p h a t e )  on b e a r -  
i n g s  improves b e a r i n g  performance.  S t r a t i f i c a t i o n  of  f l u i d  i n  
f l o a t e d  i n s t r u m e n t s  does  occur  and can  r e s u l t  i n  d e g r a d a t i o n  of 
performance ( T r i p  Repor t  1 1 - 1 9 ) .  
Honeywell I n c .  s t a t e d  t h a t  f o r  t h e i r  gu idance  equipment,  t h e  
p r i n c i p a l  s t o r a g e  d e g r a d a t i o n  f a c t o r  i s  b e a r i n g  l u b r i c a t i o n .  Re- 
fu rb i shment  i s  cons ide red  a  v a l i d  concep t .  Upon removal from 
s t o r a g e ,  a  r u n - i n  pe r iod  i s  recommended b e f o r e  a c c e p t a n c e  t e s t -  
i n g .  
Dry l u b r i c a n t s  a r e  used by Honeywell I n c .  i n  some s l i d i n g  
m e t a l - t o - m e t a l  s i t u a t i o n s .  No d e g r a d a t i o n  o r  c o r r o s i o n  h a s  been 
i d e n t i f i e d  a s  a  r e s u l t  of u s i n g  t h i s  type  of  l u b r i c a n t  ( T r i p  Re- 
p o r t  11-18) .  SAAMA, on t h e  o t h e r  hand,  found Molycoat L (gimbal 
b e a r i n g  l u b r i c a n t )  t e n d s  t o  become c o r r o s i v e  a f t e r  12 months and 
must be f l u s h e d  o u t  and r e p l a c e d  ( T r i p  Repor t  1 1 - 1 3 ) ,  These d i f -  
f e r i n g  r e s u l t s  i l l u s t r a t e  t h e  need t o  a n a l y z e  t h e  r e l a t i o n s h i p  
between t h e  environment and m a t e r i a l  b e i n g  l u b r i c a t e d  b e f o r e  s e t -  
t i n g  a  l i f e  l i m i t .  
The U.S. Navy 's  a n a l y s e s  o f  l u b r i c a n t s  a r e  employed e x t e n s i v e l y  
t o  a s c e r t a i n  i f  t h e  i t em b e i n g  l u b r i c a t e d  i s  d e t e r i o r a t i n g  a s  i n -  
d i c a t e d  by  m e t a l  c h i p s ,  e t c  ( T r i p  R e p o r t  1 1 - 2 3 ) .  The l u b r i c a t e d  
i t e m  i s  wi thdrawn from s e r v i c e  f o r  i n s p e c t i o n  i f  t h e  l u b r i c a n t  
a n a l y s i s  i s  n e g a t i v e .  T h i s  t e c h n i q u e  h a s  saved many a i r c r a f t  en-  
g i n e s .  A n a l y s i s  of  l u b r i c a n t s  from t u r b i n e s ,  pumps, e t c ,  c o u l d  be 
used  a s  a  b a s i s  f o r  e x t e n d i n g  t h e  l i v e s  o f  e i t h e r  t h e  l u b r i c a n t  
o r  t h e  i t e m .  
6 .  S t r e s s  C o r r o s i o n  
S t r e s s  c o r r o s i o n  c r a c k s  can  a p p e a r  i n  c a s t i n g s  o v e r  a n  exLended 
p e r i o d  o f  t i m e .  T e s t s  conducted  on  v a r i o u s  c a s t i n g  m a t e r i a l s  o v e r  
a  20-year  p e r i o d  showed s t r e s s  c o r r o s i o n  c r a c k s  i n  c a s t i n g s  s t o r e d  
on  t h e  f l o o r  ( T r i p  R e p o r t  1 1 - 6 ) .  Nor th  American Roclcwell i s  chang- 
i n g  m a t e r i a l s  w i t h i n  t h e  S I I  s t a g e  and components  t o  e l i m i n a t e  
s t r e s s  c o r r o s i o n  s u s c e p t i b l e  m a t e r i a l s  ( T r i p  Repor t  1 1 - 5 ) .  SMAMA 
found s t r e s s  c o r r o s i o n  c r a c k s  i n  c a s t  l i q u i d  oxygen r e g u l a L o r  c a p s  
(7075-T6) a f t e r  e i g h t  y e a r s  of  l i f e  ( T r i p  Repor t  1 1 - 1 6 ) .  These 
were  r e d e s i g n e d  t o  i n c r e a s e  f i l l e t  r a d i i .  I n  a d d i t i o n  t h e  s u r f a c e s  
were  s h o t  peened t o  r e l i e v e  s u r f a c e  s t r e s s e s .  With t h e s e  changes  
i n c o r p o r a t e d ,  t h e  c a p s  s u r v i v e d  34 ,000  p r e s s u r e  c y c l e s  under  am- 
b i e n t  c o n d i t i o n s .  One thousand a d d i t i o n a l  c y c l e s  i n  a  s a l t  s p r a y  
caused  s u r f a c e  c r a c k i n g .  Obv ious ly  some c o n s i d e r a t i o n  must  be  
g i v e n  l i f e  l i m i t s  f o r  c a s t i n g s .  The Phase  I summary r e p o r t  f o r  
t h i s  s t u d y  p r e s e n t e d  a  t ho rough  d i s c u s s i o n  of  s t r e s s  c o r r o s i o n .  
B .  COMPONENT CATEGORIES 
1. Ordnance 
The l i f e  of  o rdance  components can  be r e l a t e d  t o  t h e  p r o c e s s e s  
and  changes  caused  by e n v i r o n m e n t a l  and o p e r a t i n g  c o n d i t i o n s .  
I, E x p l o s i v e s  a r e  complex compounds and m i x t u r e s  and  may t end  t o  
r e a c t  w i t h  e a c h  o t h e r  o r  t h e i r  c o n t a i n e r  t o  form o t h e r  compounds 
which w i l l  change  t h e  per formance  c h a r a c t e r i s t i c s  o f  t h e  e x p l o -  
s i v e  u n i t . "  (Ref 1 9 )  S t o r a g e  u s u a l l y  p roduces  l o n g e r  t ime be-  
tween i g n i t i o n  and maximum p r e s s u r e  o r  a p a r t i a l  l o s s  o f  p r e s s u r e .  
S t a b i l i z e r s  a r e  added t o  t h e  e x p l o s i v e  m i x t u r e  t o  l e s s e n  spon- 
t a n e o u s  d e t e r i o r a t i o n  and i n c r e a s e  t h e  l i f e  o f  t h e  e x p l o s i v e  u n i t  
c o n s i d e r a b l y .  
I n  a  r e c e n t  r e p o r t  7 re pared by Nor th  American Rockwel l  Corpo- 
r a t i o n  c o n c e r n i n g  S a t u r n  V common o rdnance  i t  was conc luded  t h a t ,  
"Although a t h r e e  y e a r  s h e l f  l i f e  r e q u i r e m e n t  was s p e c i f i e d  a t  t h e  
t i m e  o f  d e s i g n  f o r  each  o f  t h e  f o u r  CDF ( c o n f i n e d  d e t o n a t i n g  f u s e )  
o rdnance  components ,  i t  a p p e a r s  t h a t  a l l  m a t e r i a l s  employed a r e  
c a p a b l e  of  w i t h s t a n d i n g  t h e  p roposed  f i v e  y e a r  s h e l f  l i f e  p e r i o d  
unde r  e x i s t i n g  s t o r a g e  c o n d i t i o n s  w i t h o u t  s u f f e r i n g  s i g n i f i c a n t  
d e g r a d a t i o n  o f  f u n c t i o n a l  pe r fo rmance  c h a r a c t e r i s t i c s . "  (Ref 20)  
"Five  T h i o k o l  Chemical  C o r p o r a t i o n  TE-344 T i t a n  I1 r e t r o m o t o r s  
h a v i n g  a g e s  f rom 64 t o  72 months were  s u b j e c t e d  t o  p r e f i r e  tem- 
p e r a t u r e  c y c l i n g  and t h e n  t e s t e d  a t  s i m u l a t e d  a l t i t u d e s  r a n g i n g  
f rom 114,000 t o  134 ,000  f t .  t o  d e t e r m i n e  i f  t h e  p r e s e n t  s h e l f /  
s e r v i c e  l i f e  o f  72 months can  be  e x t e n d e d . "  (Ref 20) The r e t r o -  
m o t o r s  f i r e d  s u c c e s s f u l l y ,  w e l l  w i t h i n  model s p e c i f i c a t i o n  r e -  
q u i r e m e n t s  and  have  now been e x t e n d e d  t o  a  s h e l f l s e r v i c e  l i f e  o f  
8 4  months .  The l i f e  of  t h e s e  r e t r o m o t o r s  when o r i g i n a l l y  p ro -  
c u r e d  f o r  t h e  T i t a n  I1 was e s t a b l i s h e d  a t  36  months.  These  same 
moto r s  a r e  u sed  on t h e  T i t a n  111 and  have  a  36-month l i f e  e s t a b -  
l i s h e d  f o r  t h a t  program. 
T h i o k o l  Chemical  C o r p o r a t i o n  h a s  a l s o  recommended t h a t  t h e  
s t o r a g e  l i f e  of  t h e  R e c r u i t  r e t r o m o t o r  be  e x t e n d e d  from 2 t o  4 
y e a r s  based  on  R e c r u i t  h i s t o r y ,  l i f e  c a p a b i l i t y  o f  p o l y s u l f i d e  
p r o p e l l a n t  s y s t e m s ,  and  o t h e r  e x p e r i e n c e  w i t h  motor  a g e  l i f e  o f  
from 4  t o  5 y e a r s .  
C o n t r o l l e d  envi ronment  s t o r a g e  i s  b e n e f i c i a l  i n  e x t e n d i n g  t h e  
l i f e  of o r d n a n c e  components .  Chemical  changes  c o n t i n u e  d u r i n g  
s t o r a g e  which u s u a l l y  r e s u l t  i n  a  r e d u c t i o n  o f  pe r fo rmance  a t  t h e  
t e m p e r a t u r e  e x t r e m e s  (-6S°F t o  280°F). Most o r d n a n c e  l i f e  e x t e n -  
s i o n s  a r e  b a s e d  on t h e  r e s u l t s  of  s u r v e i l l a n c e  and t e s t i n g  p ro -  
grams which may i n c l u d e  v i s u a l  i n s p e c t i o n ,  X-ray  i n s p e c t i o n ,  v i -  
b r a t i o n ,  e l e c t r i c a l  c h e c k s ,  and  f i r i n g .  
2 .  H y d r a u l i c  Components 
The main l i f e  l i m i t i n g  f a c t o r  f o r  h y d r a u l i c  components  i s  
t h e  s e a l s .  V i c k e r s  h a s  conduc ted  s e v e r a l  i n v e s t i g a t i o n s  i n v o l v -  
i n g  h y d r a u l i c  equipment r e c o v e r e d  from c r a s h e d  a i r p l a n e s  ( s e e  
C h a p t e r  V) .  
"The h y d r a u l i c  and e l e c t r i c  equipment  removed a f t e r  17 
y e a r s  i n  t h e  d e s e r t  env i ronmen t  was i n  e x c e l l e n t  c o n d i -  
t i o n ,  w i t h  t h e  m a j o r i t y  o f  i t  -- t h e  V i c k e r s  pumps and 
moto r s  - -  m e e t i n g  t h e  r e q u i r e m e n t s  o f  new u n i t s .  To a  
c e r t a i n  e x t e n t ,  t h e  d e s e r t ' s  low h u m i d i t y  had a d e t r i -  
m e n t a l  e f f e c t  on some l a r g e  s e a l s  such  a s  t h e  accumula-  
t o r  d i aphragm,  c a u s i n g  them t o  h a r d e n  s l i g h t l y .  
"The h y d r a u l i c  and e l e c t r i c a l  equipment removed from 
t h e  B - 1 7  a i r c r a f t  a f t e r  23 y e a r s  i n  a n  A r c t i c  e n v i r o n -  
ment was i n  e x c e l l e n t  c o n d i t i o n ;  w i t h  i t  a l s o  meet ing 
t h e  requ i rements ,  i n  most c a s e s ,  of new equipment.  
T h i s  i n c l u d e d  t h e  Vickers  t u r r e t  t r a n s m i s s i o n ,  eng ine -  
d r i v e n  pump, and a n  accumulator  which s t i l l  cou ld  meet 
i t s  1942 t e s t  s p e c i f i c a t i o n s .  The accumula to r  diaphragm 
was i n  ' l i ke -new '  c o n d i t i o n  hav ing  r e t a i n e d  i t s  a i r  
cha rge  s i n c e  1942. It a p p e a r s  t h a t  t h e  somewhat h i g h e r  
A r c t i c  humid i ty  a s s u r e s  good s e a l  l i f e  over  extended 
s t o r a g e  p e r i o d s ,  w i t h o u t  b e i n g  h i g h  enough t o  cause  
e x c e s s i v e  c o r r o s i o n . "  (Ref 11) 
On s e a l e d  components such a s  h y d r a u l i c  pumps, d e t e r i o r a t i o n  
a f t e r  6 t o  24 y e a r s  i n  a  jung le  environment  was o n l y  p a r t i a l  w i t h  
some of  t h e  u n i t s  s t i l l  o p e r a b l e .  The O- r ings  were i n  good con- 
d i t i o n  and s t i l l  f u n c t i o n a l  i n  most c a s e s .  A s  a  r e s u l t  of  t h e s e  
i n v e s t i g a t i o n s  Vickers  f e e l s  t h a t  c u r r e n t  O-ring l i f e  l i m i t s  a r e  
too  r e s t r i c t i v e  and t h a t  systems o r  components should  n o t  be d i s -  
assembled f o r  O-ring replacement  f o l l o w i n g  s t o r a g e  u n l e s s  l eakage  
i s  found d u r i n g  r e t e s t .  
V ickers  has  exper ienced  no s i g n i f i c a n t  d e g r a d a t i o n  a s  a r e s u l t  
o f :  
1) R e l a x a t i o n  of s p r i n g s  d u r i n g  s t o r a g e ;  
2 )  S t r e s s  c o r r o s i o n  (a l though  some & s c e p t i b l e  m a t e r i a l s  
have been used) ;  
3) Aging of t h e  l u b r i c a n t  i n  s h a f t  c o u p l i n g s  a l t h o u g h  a  
check of t h e  c o u p l i n g s  is recommended upon removal 
from s t  o rage .  
Vickers  e n g i n e e r s  e x p r e s s e d  t h e  o p i n i o n  d u r i n g  t h e  su rvey  
meet ing t h a t  p e r i o d i c  e x e r c i s e  of h y d r a u l i c  equipment d u r i n g  
s t o r a g e  i s  b e n e f i c i a l  even though t h e i r  amount of e x e r c i s e  recom- 
mended was on ly  t h a t  r e q u i r e d  t o  change r e l a t i v e .  p o s i t i o n s  of 
p a r t s  i n  mechanical  components ( T r i p  Repor t  11-20). It was recog-  
n ized  t h a t  t h e  human a c t i v i t y  i n  accompl i sh ing  t h e  e x e r c i s e  cou ld  
cause  equipment damage o r  d e g r a d a t i o n .  
The f o l l o w i n g  d e s i g n  p r a c t i c e s  c o n t r i b u t e  t o  l o n g  l i f e  equ ip -  
ment: 
1) Use O- r ings  o n l y  i n  compress ion (some r u b b e r  chemis t s  
b e l i e v e  t h a t  rubber  under compress ion may l a s t  up t o  
100 t imes  l o n g e r  than  i n  i t s  ambient s t a t e ) ;  
2) Use backup r i n g s  t o  p r e v e n t  O- r ing  e x t r u s i o n  a t  h i g h  
p r e s s u r e s ;  
3) Use m i l i t a r y  s p e c i f i c a t i o n  p r a c t i c e s  
Moog h a s  exper ienced  v e r y  few problems w i t h  O-r ings  i n  hy- 
d r a u l i c  f l u i d  excep t  under h i g h  t empera tu re  c o n d i t i o n s  and can 
f o r e s e e  no problem w i t h  O- r ings  i n s t a l l e d  and s t o r e d  a t  90°F 
upper l i m i t .  Moog's e x p e r i e n c e  h a s  i n d i c a t e d  t h a t  c0mponent.s i n  
s t o r a g e  should  be l e f t  a l o n e .  Servo v a l v e s  unoperated and s t o r e d  
i n  a n  u n c o n t r o l l e d  environment  f o r  4% y e a r s  performed a s  w e l l  a s  
v a l v e s  o p e r a t e d  every  30 d a y s .  The s e r v o  v a l v e s  a r e  des igned  s o  
t h a t  t h e y  have no l i m i t e d  l i f e  c y c l e .  Valve l i f e  i s  determined 
by f l u i d  e r o s i o n ,  n o t  wear o r  s l i d i n g  wear of p a r t s .  Torque 
motor o p e r a t i o n  changes occur  w i t h  t ime,  c y c l e ,  and t e m p e r a t u r e ,  
r e s u l t i n g  i n  n u l l  s h i f t .  Temperature h a s  t h e  most e f f e c t  on n u l l  
band s h i f t .  It i s  Moog's o p i n i o n  t h a t  r e f u r b i s h m e n t  t o  r e p l a c e  
O- r ings  o n l y  r e s u l t s  i n  more damage than  l e a v i n g  O-r ings  a l o n e ,  
e s p e c i a l l y  i n  p r e s s  f i t  p a r t s .  
3 .  E l e c t r i c a l  System Components 
Components t o  be d i s c u s s e d  i n  t h i s  paragraph i n c l u d e  power 
s o u r c e s ,  w i r i n g ,  d i s t r i b u t i o n  p a n e l s ,  c o n n e c t o r s ,  r e l a y s ,  and 
s w i t c h e s .  B a t t e r i e s  and i n v e r t e r s  were t h e  o n l y  power s o u r c e s  
f o r  which i n f o r m a t i o n  was o b t a i n e d  d u r i n g  t h e  s t u d y .  
Degrada t ion  i n  b a t t e r i e s  of t h e  type used i n  t h e  S a t u r n  ve-  
h i c l e  ( s i l v e r - z i n c ,  pr imary,  d r y  p l a t e  s t o r a g e )  i s  a l m o s t  en-  
t i r e l y  chemica l  i n  n a t u r e .  A f u l l y  charged b a t t e r y  p l a t e  c o n t a i n s  
s i l v e r  pe rox ide  (AG2 0 2 ) .  The d e g r a d a t i o n  mechanism i s  migra-  
t i o n  of  t h e  AGZ02  and d e t e r i o r a t i o n  t o  s i l v e r  ox ide  (AG20). A l l  
d e s i g n  f a c t o r s ,  which i n c l u d e  i n i t i a l  l o a d ,  i n i t i a l  v o l t a g e ,  
d i s c h a r g e  r a t e s ,  v o l t a g e  l i m i t s ,  and wet s t a n d  t ime r e q u i r e m e n t s ,  
a f f e c t  t h e  r a t e  a t  which t h i s  d e t e r i o r a t i o n  t a k e s  p l a c e .  The 
two p r i n c i p a l  e f f e c t s  a r e  ( 1 )  d e g r a d a t i o n  of t h e  i n i t i a l  v o l t a g e  
and t h e  v o l t a g e  curve  d u r i n g  i n i t i a l  load a p p l i c a t i o n ,  and ( 2 )  
decreased  t o t a l  load  c a p a c i t y .  S t o r a g e  a t  low tempera tu re  (30' 
t o  40°F) w i l l  reduce t h e  r a t e  of d e g r a d a t i o n .  
The o n l y  e x t e n s i o n  t echn ique  a p p l i c a b l e  t o  b a t t e r i e s  i s  a  
t e s t  program on aged samples .  B a t t e r i e s  a r e  u s u a l l y  des igned 
w i t h  25% t o  35% excess  c a p a c i t y  beyond t h e  s p e c i f i c a t i o n  and 
o f t e n  t h e  s p e c i f i c a t i o n  h a s  a n  a d d i t i o n a l  margin over  m i s s i o n  
load  r e q u i r e m e n t s .  The T i t a n  I1 b a t t e r i e s  had a  36-month l i f e  
l i m i t .  Over-age b a t t e r i e s  t e s t e d  a t  a g e s  up t o  66 months f r e -  
q u e n t l y  d i d  n o t  meet t h e  s p e c i f i c a t i o n  load v o l t a g e  c u r v e ,  how- 
e v e r  they  were capab le  of  supp ly ing  m i s s i o n  load requ i rements  
w i t h  adequa te  margin .  They were extended t o  48 months on t h i s  
b a s i s .  P r e l o a d i n g  t h e  b a t t e r y  ( a p p l i c a t i o n  of a n  a r t i f i c i a l  
l o a d  e i t h e r  m a n u a l l y  o r  a u t o m a t i c a l l y  f o r  a  s h o r t  p e r i o d  of t ime)  
i s  t h e  u s u a l  t e c h n i q u e  f o r  a l l e v i a t i n g  e f f e c t s  o f  a g e  on t h e  i n -  
i t i a l  v o l t a g e  c u r v e ,  however t h i s  a l s o  r e d u c e s  t h e  power a v a i l a b l e  
f o r  t h e  m i s s i o n .  
I n v e r t e r s  may be of  t h e  s t a t i c  o r  r o t a r y  t y p e .  The p r imary  
d e t e r i o r a t i o n  f a c t o r s  o f  t h e  r o t a r y - t y p e  i n v e r t e r  a r e  t h e  b e a r i n g s  
and  t h e i r  l u b r i c a t i o n .  I n  some c a s e s ,  s t a r t  t r a n s i e n t  s t r e s s e s  
c a u s e  d e t e r i o r a t i o n  which r e q u i r e s  t h a t  a  c y c l e  l i m i a t i o n  be i m -  
posed .  E l e c t r o n i c  p i e c e  p a r t  c o n s i d e r a t i o n s ,  bo th  a g i n g  and op- 
e r a t i n g ,  g o v e r n  t h e  l i m i t s  t h a t  a r e  imposed on s t a t i c  i n v e r t e r s .  
Some programs su rveyed  do n o t  a p p l y  o p e r a t i n g  o r  c a l e n d a r  l i f e  
l imi t s  on  s t a t i c  i n v e r t e r s .  
Wi r ing  sys t ems  and d i s t r i b u t i o n  p a n e l s  have s u c c e s s f u l l y  s u r -  
v i v e d  long- t e rm s t o r a g e ,  even  i n  u n c o n t r o l l e d  e n v i r o n m e n t s .  The 
o n l y  c a s e  of s t o r a g e  d e g r a d a t i o n  known i n v o l v e d  imprope r  a p p l i c a -  
t i o n  o f  m a t e r i a l s  ( h y s o l  and  b u t y l )  i n t e n d e d  t o  p r o t e c t  t e r m i n a l  
b o a r d s  from c o r r o s i o n .  
D e g r a d a t i o n  modes i n  d i s c o n n e c t s  i n c l u d e  ( 1 )  p i n  ( o r  s o c k e t )  
wear  and t e a r  due t o  o p e r a t i o n ;  ( 2 )  c o r r o s i o n ;  and ( 3 )  a g i n g  of  
r u b b e r  i n s e r t s  o r  O - r i n g s .  C o r r o s i o n  i n  g o l d - p l a t e d  p i n s  h a s  been  
a  problem.  C a r e f u l  h a n d l i n g ,  c a r e f u l  p r e s t o r a g e  p r e p a r a t i o n ,  and 
a  d r y  s t o r a g e  envi ronment  w i l l  p r e v e n t  most  s t o r a g e  d e g r a d a t i o n .  
L i f e  l i m i t s  a r e  n o t  recommended f o r  most  c o n n e c t o r  a p p l i c a t i o n s .  
Only t h o s e  c o n n e c t o r s  i n  h i g h l y  c r i t i c a l  l o c a t i o n s  o r  a p p l i c a -  
t i o n s  i n v o l v i n g  many r e p e a t e d  o p e r a t i o n s  shou ld  be c o n s i d e r e d  f o r  
l i f e  l i m i t s .  
Re lay  and s w i t c h  o p e r a t i n g  l i m i t s  a r e  r e l a t i v e l y  e a s y  t o  d e f i n e  
t h r u  t e s t  programs.  N e a r l y  a l l  r e l a y  a p p l i c a t i o n s  i n  b o o s t e r  v e -  
h i c l e s  i n v o l v e  a  f a i r l y  s m a l l  p e r c e n t a g e  o f  t h e  a v a i l a b l e  c y c l e  
l i f e ,  t h e r e f o r e ,  l i m i t s  u s u a l l y  a r e  n o t  s p e c i f i e d .  S t o r a g e  d e g r a -  
d a t i o n  i s  o c c a s i o n a l l y  s e e n  i n  t h e  form of  i n c r e a s e d  c o n t a c t  r e -  
s i s t a n c e .  T h i s  c a n  u s u a l l y  be c o r r e c t e d  by o p e r a t i n g  t h e  r e l a y  
f i v e  o r  t e n  t i m e s .  A s t o r a g e  l i f e  l i m i t  o f  from 3 t o  5 y e a r s  may 
be  imposed t o  a s s u r e  d e t e c t i o n  and c o r r e c t i o n  of  i n c r e a s e d  con- 
t a c t  r e s i s t a n c e .  
4 .  E l e c t r o n i c  Equipment 
A c o n s i d e r a b l e  amount of  r e s e a r c h  and s t u d y  c o n c e r n i n g  t h e  
r e l i a b i l i t y  of  e l e c t r o n i c  equipment h a s  been accompl i shed  by 
o t h e r s .  Much o f  t h i s  e f f o r t ,  however,  h a s  been conce rned  w i t h  
s p e c i a l  s i t u a t i o n s  such a s  t r o p i c a l  s e r v i c e  and s i m i l a r  h a r s h  
env i ronments ,  o r  w i t h  s p e c i f i c  hardware i n  s p e c i f i c  a p p l i c a t i o n s .  
One s t u d y  of  i n t e r e s t  t o  any s t o r a g e  program i s  Dormant O p e r a t i n %  
and S t o r a r e  E f f e c t s  on E l e c t r o n i c  Equipment and P a r t  R e l i a b i l i t y ,  
performed f o r  Rome A i r  Development C e n t e r ,  A i r  Force  Systems Com- 
mand by t h e  M a r t i n  M a r i e t t a  C o r p o r a t i o n ,  Orlando D i v i s i o n .  The 
f o l l o w i n g  e x c e r p t s  a r e  from t h e  Conc lus ions  s e c t i o n  of  t h e  r e p o r t :  
"It h a s  been e s t a b l i s h e d  t h a t  e l e c t r o n i c  p a r t  f a i l u r e  
r a t e s  i n  t h e  nonopera t ing  mode a r e  e s s e n t i a l l y  t h e  same 
over  many d i f f e r e n t  sys tems and programs. T h i s  f i n d i n g  
h a s  r e s u l t e d  i n  the  concept  t h a t  t h e  nonopera t ing  f a i l -  
u r e  r a t e s  f o r  e l e c t r o n i c  p a r t s  r e p r e s e n t  a  b a s e l i n e  and 
t h a t  changes from t h i s  b a s e l i n e  f a i l u r e  r a t e  due t o  such 
f a c t o r s  a s  e l e c t r i c a l  s t r e s s e s ,  a p p l i c a t i o n  t o l e r a n c e  
marg ins ,  m i s s i o n  environments ,  and p a r t s  s c r e e n i n g  pro-  
grams can  now be e s t a b l i s h e d  w i t h  a n  a c c u r a c y  p r e v i o u s l y  
u n a t t a i n a b l e . .  . 
"A comparison of r e c e n t  observed d a t a  showed t h a t  oper -  
a t i n g  t o  nonopera t ing  f a i l u r e  r a t e  r a t i o s  a v e r a g e  a b o u t  
15 t o  I . . .  
"Presen t  day p r e d i c t i o n  methods f o r  e l e c t r o n i c  s y s -  
tems i n c o r p o r a t e  e l e c t r i c a l  s t r e s s ,  t empera tu re  s t r e s s ,  
and use  environment .  T h i s  program h a s  shown, however, 
t h a t  such f a c t o r s  a s  p a r t s  s c r e e n i n g  t e c h n i q u e s ,  t o l -  
e r a n c e  margins  i n  a p p l i c a t i o n  of  p a r t s ,  and t h e  d e s i g n  
of t e s t  and checkout  equipment have a  g r e a t e r  i n f l u e n c e  
over  p a r t  f a i l u r e  r a t e s  i n  o p e r a t i o n a l  u s e . . .  
"The f requency  of e l e c t r o n i c  p a r t  f a i l u r e s  can be c o r -  
r e l a t e d  w i t h  nonopera t ing  a s  w e l l  a s  o p e r a t i n g  t ime 
p e r i o d s .  T h i s  does  no t  imply t h a t  e i t h e r  i s  t h e  cause  
of f a i l u r e s ,  b u t  r a t h e r  t h a t  t ime and t h e  o p e r a t i n g  
s t r e s s e s  may be viewed a s  a c c e l e r a t i n g  o r  p r e c i p i t a t -  
i n g  f a c t o r s  i n  the  b a s i c  f a i l u r e  mechanisms ... 
"The a c c e l e r a t i o n  f a c t o r  f o r  b a s i c  f a i l u r e  mechanisms 
i s  r ecogn ized  a s  be ing  t h e  lowest  f o r  c o n d i t i o n s  o f  
c o n t r o l l e d  s t o r a g e  because  i n  c o n t r o l l e d  s t o r a g e  many 
of t h e  o p e r a t i n g  s t r e s s e s  a r e  e i t h e r  e l i m i n a t e d  o r  
r e d u c e d .  T h i s  i s  proved by a c t u a l  f i e l d  e x p e r i e n c e  
a s  shown i n  t h e  r e p o r t  ... 
'Most  n o n o p e r a t i n g  f a i l u r e s  a r e  t r a c e a b l e  t o  l a t e n t  
m a n u f a c t u r i n g  d e f e c t s  r a t h e r  t h a n  s p e c i f i c  a g i n g  
mechanisms.  These  d e f e c t s  w i l l  p a s s  i n i t i a l  func -  
t i o n a l  t e s t s  b u t  f i n a l l y  become e v i d e n t  a f t e r  non- 
o p e r a t i n g  p e r i o d s  .... 
"The t y p e  o f  f a i l u r e  d e t e c t e d  i n  t h i s  s t u d y  s t r o n g l y  
s u p p o r t s  t h e  p r a c t i c e  t h a t  r e l i a b i l i t y  c a n  be i m -  
proved by p a r t  s c r e e n i n g .  I t  i s  b e l i e v e d  t h a t  a  
s i z e a b l e  p e r c e n t a g e  o f  t h e  f a i l u r e s  c o u l d  have been 
e l i m i n a t e d  by b u r n - i n  and  p r o d u c t i o n  e n v i r o n m e n t a l  
t e s t i n g  t h a t  i n c l u d e d  t e m p e r a t u r e ,  shock ,  and v i b r a -  
t i o n  exposu re  ." (Ref 22) 
The a c t u a l  f a i l u r e  r a t e s  deve loped  and t h e  i n t e r p r e t a t i o n  of  
d a t a  can he o b t a i n e d  by s t u d y i n g  R e f e r e n c e  2 2 .  
A d d i t i o n a l  d a t a  of  i n t e r e s t  may be found i n  C o r r o s i o n  P r e -  
v e n t i o n / D e t e r i o r a t i o n  C o n t r o l  i n  E l e c t r o n i c  Components and  A s -  
s e m b l i e s ,  by R .  H .  S p a r l i n g ,  U.S. Army M i s s i l e  Command, Reds tone  
A r s e n a l ,  Repor t  CR6-347-958-001. 
To r e c e r t i f y  e l e c t r o n i c  equipment  many of t h e  o r g a n i z a t i o n s  
surveyed performed a  comple t e  f u n c t i o n a l  t e s t  when t h e  equipment  
was removed from s t o r a g e .  Re fu rb i shmen t  i s  used  whenever p r a c -  
t i c a l  t o  c o r r e c t  nonconformance o p e r a t i o n  d e t e c t e d  d u r i n g  t e s t -  
i n g .  
5 .  Guidance 
C a l e n d a r  o r  o p e r a t i n g  l i m i t s  o f  gu idance  sys t ems  may r e l a t e  
e i t h e r  t o  e l e c t r o n i c  o r  e l e c t r o - m e c h a n i c a l  equipment .  E l e c -  
t r o n i c  e l e m e n t s  were  d i s c u s s e d  i n  t h e  p r e c e d i n g  s e c t i o n .  The 
gy roscope  i s  u s u a l l y  t h e  component t h a t  i s  t h e  r u l i n g  f a c t o r  i n  
g u i d a n c e  package l i f e .  
S e v e r a l  m e c h a n i c a l  v a r i a t i o n s  a f f e c t  t h e  s t o r a g e  s u r v i v a b i l i t y  
of  g y r o s .  These  v a r i a t i o n s  i n c l u d e :  
1 )  B a l l  b e a r i n g  s p i n m o t o r ;  
2 )  A i r  b e a r i n g  o r  g a s  hydrodynamic s p i n m o t o r ;  
3) F l u i d  f l o a t e d  g i m b a l ;  
4 )  A i r  f l o a t e d  g i m b a l .  
Storage  c h a r a c t e r i s t i c s  of t h e  v a r i o u s  c o n f i g u r a t i o n s  a r e  i n -  
d i c a t e d  below. 
B a l l  Bear ing  L u b r i c a t i o n  R e t e n t i o n  - L u b r i c a t i o n  may m i g r a t e  
o r  c o l l e c t  i n  one a r e a  of  t h e  b e a r i n g ,  o r  t h e  l u b r i c a n t  may de-  
t e r i o r a t e  w i t h  a g e .  The v a r i o u s  g y r o  vendors  c o n t a c t e d  used d i f -  
f e r i n g  approaches  t o  the problem. Packages from v a r i o u s  programs 
have been flown a t  3 o r  more y e a r s  of  a g e ,  and s e v e r a l  packages 
over  5  y e a r s  of  age  have demonstra ted  s u c c e s s f u l  o p e r a t i o n .  Rate 
g y r o s  from t h e  m i l i t a r y  A t l a s  m i s s i l e s  demonstra ted  l e s s  than 10% 
r e j e c t  r a t e  a f t e r  extended s t o r a g e  ( t h i s  r e j e c t  r a t e  was based on 
t h e  r e q u i r e m e n t s  of  t h e  new m i s s i o n ) .  A " run- in"  pe r iod  on removal 
from s t o r a g e  u s u a l l y  r e d i s t r i b u t e s  t h e  l u b r i c a t i o n .  O i l s  i n  c u r -  
r e n t  use  have n o t  e x h i b i t e d  s i g n i f i c a n t  d e t e r i o r a t i o n  d u r i n g  s t o r -  
age  up t o  5 y e a r s .  
A i r  Bear inn  Spinmotor S t a r t  Up Torque.  T h i s  h a s  been a  prob- 
lem on a t  l e a s t  one m i s s i l e  program. The problem h a s  been a t t r i -  
buted t o  m e t a l  m i g r a t i o n  ( a t  t h e  molecu la r  l e v e l )  w h i l e  the  u n i t  
i s  a t  r e s t .  However, vendors  surveyed s t a t e d  t h a t  t h i s  f a c t o r  
had no t  been a  cause  of  nonconforming o p e r a t i o n  i n  t h e i r  u n i t s .  
F l u i d  F l o a t e d  Gimbal - F l u i d  s t r a t i f i c a t i o n  h a s  been a  prob- 
l e m  i n  t h e  p a s t  and can cause  mass unba lance .  Also f l u i d  r e a c t i o n  
w i t h  i n t e r n a l  p a r t s  of  the  gyro  h a s  caused f a i l u r e s .  These prob- 
lems have been r e s o l v e d  w i t h  development o f  b e t t e r  f l u i d s .  F l u i d  
con tamina t ion  h a s  a l s o  been encoun te red .  Many f l u i d  f l o a t e d  gyros  
must  be k e p t  a t  +14O0F a t  a l l  t i m e s .  T h i s  h e a t  h a s  caused degra -  
d a t i o n  of o t h e r  m a t e r i a l s  i n  t h e  package over  a  5 -yea r  p e r i o d .  
A i r  F l o a t e d  Svstems - The o n l y  concern  f o r  s t o r a g e  i s  t h a t  t h e  
q u a l i t y  o f  t h e  g a s  i n  t h e  g y r o  i s  s u f f i c i e n t  t o  avo id  c o r r o s i o n  
o r  c o n t a m i n a t i o n .  
The g y r o s  used i n  t h e  S a t u r n  gu idance  system have b a l l  bea r ing  
s p i n  motors  and a i r  f l o a t e d  g imba l s .  T h i s  g y r o  should s u r v i v e  
s t o r a g e  a d e q u a t e l y .  
An a d d i t i o n a l  f a c t o r  i n  gyro  s t o r a g e  i s  t h e  o x i d a t i o n  f i l m  
t h a t  deve lops  on t h e  s l i p r i n g  c o n t a c t s .  S l i p  r i n g s  must be wiped 
(by gyro  o p e r a t i o n )  b e f o r e  t e s t i n g  f o r  performance a f t e r  s t o r a g e .  
I f  s t o r a g e  d e g r a d a t i o n  does  occur  i n  a  g y r o ,  i t  u s u a l l y  shows 
up i n  t h e  pa ramete r s  of run-up t ime and d r i f t .  C a p a b i l i t y  of r e -  
f u r b i s h i n g  a  nonconforming gyro  v a r i e s  a c c o r d i n g  t o  the vendor  and 
t h e  s p e c i f i c  d e s i g n  of t h e  gyro .  
6 .  Valves  and Assoc ia ted  Hardware 
The l i v e s  of  v a l v e s  a r e  g e n e r a l l y  l i m i t e d  by a g e ,  n o t  c y c l e s  
of  o p e r a t i o n .  The c y c l i c  l i v e s  of a e r o s p a c e  q u a l i t y  v a l v e s  u s u a l -  
l y  g r e a t l y  exceed t h e  a c t u a l  s e r v i c e  r e q u i r e m e n t s .  M a t e r i a l  com- 
p a t i b i l i t y  w i t h  i t s  environment ,  n o t  c y c l i c  l i f e ,  usualLy l i m i t s  
v a l v e  l i f e  ( S e c t i o n  I V  of  Ref 1 8 ) .  The s e a l s  a r e  normal ly  t h e  
l i f e  l i m i t i n g  f a c t o r .  Polymer s e a l s  have been d i s c u s s e d  p r e v i o u s l y  
i n  Chapter  V I 1 . A .  1. 
Some v a l v e  manufac tu re r s  b e l i e v e  t h a t  t h e  i n s t a l l e d  l i v e s  of 
h y d r a u l i c  v a l v e s  a r e  g r e a t e r  than  t h r i r  s h e l f  l i v e s  because  the  
h y d r a u l i c  o i l  keeps t h e  s e a l s  l u b r i c a t e d  when the  v a l v e  i s  i n -  
s t a l l e d  i n  a  sys tem.  By s i m i l a r  r a t i o n a l e ,  t h e  i n s t a l l e d  l i v e s  
of  h y d r a u l i c  v a l v e s  may be longer  than  t h e  i n s t a l l e d  l i v e s  of 
pneumatic v a l v e s  s i n c e  t h e  pneumatic e l a s t o m e r s  a r e  n o t  c o n t i n -  
u o u s l y  exposed t o  a  l u b r i c a n t .  North American Rockwell a p p a r e n t l y  
r e c o g n i z e s  t h e  l i f e  l i m i t  d i f f e r e n c e s  between wet and d r y  opera -  
t i o n .  I n  t h e i r  Apol lo  TimeICycle Requirements S p e c i f i c a t i o n  
MA0201-0077, t h e  c y c l i c  l i v e s  of r o c k e t  eng ine  i n j e c t o r  v a l v e s  
a r e  600 c y c l e s  d r y  and 10,000 c y c l e s  w e t .  It i s  suggested t h a t  
c o n s i d e r a t i o n  be g iven  t o  s p e c i f y i n g  v a l v e  l i v e s  based on the  a p -  
p l i c a t i o n  and environments  encuun te red .  
D i f f e r e n c e s  of o p i n i o n  e x i s t  a s  t o  t h e  need f o r  p e r i o d i c a l l y  
e x e r c i s i n g  v a l v e s  t o  p r e v e n t  polymer s e a l s  from a d h e r i n g  t o  meta l -  
l i c  s e a t s  d u r i n g  prolonged s t o r a g e .  I s o l a t e d  occur rences  of  t h i s  
phenomenon have been r e p o r t e d .  The T i t a n  I1 engine  v a l v e s  a r e  
o p e r a t e d  once a y e a r  t o  p r e v e n t  s t i c k i n g  ( T r i p  Repor t  11-17) .  
Conversely ,  Moog I n c o r p o r a t e d  r e p o r t e d  t h a t  t h e i r  e x p e r i e n c e  i n -  
d i c a t e s  components i n  s t o r a g e  should be l e f t  a l o n e .  Moog s e r v o  
v a l v e s  unoperated and s t o r e d  i n  a n  u n c o n t r o l l e d  environment f o r  
18 q u a r t e r s  performed a s  w e l l  a s  v a l v e s  o p e r a t e d  e v e r y  30 days  
( T r i p  Repor t  1 1 - 2 1 ) ,  The d ive rgence  of o p i n i o n s  needs t o  be r e -  
so lved  t o  e n s u r e  maximum r e l i a b i l i t y .  
The g e n e r a l  consensus  was t h a t  v a l v e s  i n  s e r v i c e  should  no t  
be d isassembled t o  r e p l a c e  over-age s e a l s .  (See t h e  e l a s t o m e r  
d i s c u s s i o n  i n  Chapter  V I I . A . l . )  
Care should be e x e r c i s e d  t o  e n s u r e  t h a t  a l l  o f  t h e  t e s t  medium 
used d u r i n g  t e s t i n g  i s  removed b e f o r e  extended s t o r a g e .  A l s o ,  any 
f l u i d s  used t o  c l e a n  o r  f l u s h  v a l v e s  should  be compat ib le  w i t h  t h e  
v a l v e  m a t e r i a l .  For example, A e r o j e t - G e n e r a l  Corpora t ion  e x p e r i -  
enced d i f f i c u l t y  a c t u a t i n g  v a l v e s  a f t e r  c l e a n i n g  them w i t h  a l c o h o l ;  
a  r e s i d u e  remained t h a t  suppor ted  c o r r o s i o n  ( T r i p  Repor t  1 1 - 1 7 ) .  
Unless  t h e  v a l v e  m a t e r i a l s  and env i ronments ,  i n c l u d i n g  t e s t  mediums 
and c l e a n i n g  a g e n t s ,  a r e  comple te ly  c o m p a t i b l e ,  t h e  v a l v e  m a t e r i a l s  
can d e t e r i o r a t e  d u r i n g  l o n g - d u r a t i o n  s t o r a g e .  Valves  should  be 
f l u s h e d  w i t h  a  compat ib le  p r e s e r v a t i v e  b e f o r e  s t o r a g e .  
Valve S p r i n ~ s  - A e r o j e t - G e n e r a l  C o r p o r a t i o n  r e p o r t e d  t h a t  v a l v e  
s p r i n g s  have no t  f a i l e d  ( T r i p  Repor t  11-17) .  The o l d  s p r i n g s  a r e  
r eused  when t h e  v a l v e s  a r e  r e b u i l t .  Some cadmium p l a t e  h a s  come 
o f f  t h e  s p r i n g s .  Vickers  I n c o r p o r a t e d  r e p o r t e d  t h e r e  were no i n -  
s t a n c e s  of  s p r i n g  r e l a x a t i o n  d u r i n g  s t o r a g e .  The Rocketdyne D i v i -  
s i o n  of  North  American Rockwell a l s o  r e p o r t e d  no s p r i n g  r e l a x a t i o n  
problems ( T r i p  Repor t  11-27] .  Of t h o s e  i n t e r v i e w e d ,  o n l y  OCAMA 
r e p o r t e d  s p r i n g  problems; ca rbon  s e a l  wave s p r i n g s  s u p p l i e d  by 
one vendor  degraded a f t e r  3 t o  4 y e a r s  on t h e  s h e l f ,  r e s u l t i n g  i n  
s e a l  l e a k a g e  ( T r i p  Repor t  11-12) .  No g e n e r a l  age  l i m i t i n g  prob- 
lems were no ted  f o r  v a l v e  s p r i n g s .  
P r e s s u r e  Switches  - Absolu te  p r e s s u r e  t r a n s d u c e r s  w i l l  d r i f t  
depending on l e a k a g e  r a t e .  A welded c a s e  u n i t ,  t e s t e d  t o  10-I' 
microns ,  w i l l  s h i f t  abou t  1% i n  t e n  y e a r s  a c c o r d i n g  t o  Conrac 
C o r p o r a t i o n  ( T r i p  Repor t  11-28) .  U n i t s  u s i n g  o r g a n i c  s e a l i n g  
would l e a k  more r a p i d l y  and a l s o  t h e  s e a l i n g  m a t e r i a l  would de- 
t e r i o r a t e  w i t h  a g e .  P r e s s u r e  s w i t c h  u n i t s  have a  c y c l i c  l i f e  
dependent  on t h e  p r e s s u r e  invo lved ,  t h e  type  o f  o p e r a t i o n ,  and 
t h e  c o n t a c t  ar rangement .  Higher  o p e r a t i n g  p r e s s u r e s  r e s u l t  i n  
lower c y c l e  l i m i t s  because  o f  t h e  mechanics  o f  t h e  bourdon t u b e .  
P r e s s u r e  s w i t c h e s  may need r e c a l i b r a t i o n  b e f o r e  i n s t a l l a t i o n  a f t e r  
s t o r a g e .  
7 .  P r e s s u r e  V e s s e l s  
P r e s s u r e  v e s s e l s  a r e  inc luded  i n  t h e  l i f e  l i m i t e d  c a t e g o r y  
because  of c y c l i c  l i f e  l i m i t a t i o n s .  Boeing and Grumman a r e  among 
t h o s e  who use  t h e  t echn ique  of f r a c t u r e  mechanics t o  de te rmine  
p r e s s u r e  v e s s e l  l i f e .  
"A c l a s s i c a l  example o f  f r a c t u r e - m e c h a n i c s  a p p l i c a t i o n  
c o n c e r n s  t h e  d e s i g n  o f  h i g h - s t r e n g t h  p r e s s u r e  v e s s e l s .  
S ince  i t  i s  now r e a l i z e d  t h a t  a l l  v e s s e l s  a r e  l i k e l y  t o  
c o n t a i n  c r a c k s  o r  c r a c k - l i k e  f l a w s  ( e i t h e r  i n c o r p o r a t e d  
i n  t h e  m a t e r i a l  o r  g e n e r a t e d  i n  t h e  f a b r i c a t i o n  p r o c e s s ) ,  
i t  i s  e s s e n t i a l  t h a t  t h e  d e s i g n  i n c l u d e  c o n s i d e r a t i o n  of  
t h e  c r a c k  t o l e r a n c e  o f  t h e  m a t e r i a l . .  .. 
"If e x i s t i n g  c r a c k s  o r  f l a w s  i n  t h e  s t r u c t u r e  do n o t  
exceed t h e  c r i t i c a l  s i z e  f o r  t h e  o p e r a t i n g  s t r e s s  l e v e l ,  
t h e  s t r u c t u r e  c a n  be expec ted  t o  s u s t a i n  t h e  f i r s t  l o a d  
a p p l i c a t i o n .  With r e p e a t e d  l o a d  a p p l i c a t i o n ,  however, 
a  f l a w  would be expected t o  grow i n  s i z e  and cou ld  even-  
t u a l l y  a t t a i n  c r i t i c a l  s i z e  and cause  s t r u c t u r a l  f a i l u r e .  
To e n s u r e  s t r u c t u r a l  i n t e g r i t y  under  r e p e a t e d  l o a d i n g ,  
s u b c r i t i c a l  f l aw growth must be c o n s i d e r e d .  T h i s  f a c e t  
of  d e s i g n  can  a l s o  be i n t e r p r e t e d  i n  terms o f  f r a c t u r e  
mechanics.  
"It h a s  been e s t a b l i s h e d  t h a t  t h e  maximum p o s s i b l e  f l a w  
s i z e  t h a t  cou ld  be p r e s e n t  a t  t h e  o p e r a t i n g  s t r e s s  l e v e l  
i s  t h e  c r i t i c a l  s i z e  t h a t  was t o l e r a t e d  a t  t h e  p roof -  
p r e s s u r e  s t r e s s  l e v e l .  A d d i t i o n a l l y ,  i t  i s  known t h a t  
t h i s  f l aw s i z e  i s  l e s s  t h a n  t h e  c r i t i c a l  f l aw s i z e  a t  
t h e  o p e r a t i n g  s t r e s s  l e v e l  and t h a t  t h e  d i f f e r e n c e  be- 
tween t h e  two f l aw s i z e s  r e p r e s e n t s  t h e  slow growth 
p o t e n t i a l  of  t h e  v e s s e l  m a t e r i a l .  It i s  now mere ly  
r e q u i r e d  t h a t  t h e  c y c l e s  t o  f a i l u r e  be e s t a b l i s h e d  t o  
e s t i m a t e  t h e  v e s s e l ' s  u s a b l e  l i f e .  
"A h y p o t h e t i c a l  p l o t  i l l u s t r a t i n g  t h e  p rocedure  f o r  
e s t i m a t i n g  t h e  minimum c y c l i c  v e s s e l  l i f e  i s  shown i n  
F i g .  V I I - 1 .  Here i t  i s  assumed t h a t  t h e  proof p r e s -  
s u r i z a t i o n  was 40% above t h e  o p e r a t i n g  s t r e s s  l e v e l  
of  t h e  v e s s e l .  T e s t s  a r e  conducted t o  de te rmine  t h e  
r a t e  of  c r a c k  growth w i t h  l o a d  r e p e t i t i o n ,  and a  f a m i l y  
o f  growth c u r v e s  a r e  p l o t t e d  r e p r e s e n t i n g  t h e  remaining 
c y c l e s  of  f a i l u r e .  
'The s i n g l e - c y c l e  curve  shows t h a t  a  s u c c e s s f u l  proof  
t e s t  i n d i c a t e s  t h e  p r e s e n c e  of  no f l a w s  g r e a t e r  t h a n  
abou t  50% of t h e  c r i t i c a l  f l a w  s i z e  a t  t h e  o p e r a t i n g  
s t r e s s  l e v e l .  A d d i t i o n a l l y ,  t h e  f a m i l y  o f  growth 
c u r v e s  shows t h a t  a t  t h e  o p e r a t i n g  s t r e s s  l e v e l  t h i s  
f law w i l l  n o t  grow t o  c r i t i c a l  s i z e  i n  l e s s  t h a n  a b o u t  
150 c y c l e s ;  t h i s  then  becomes t h e  o p e r a t i n g  l i f e  o f  t h e  
v e s s e l  a t  t h e  a s s i g n e d  s t r e s s  l e v e l .  The c y c l i c  l i f e  
span of  t h e  v e s s e l  would, o f  c o u r s e ,  be g r e a t e r  t h a n  
t h e  p r e d i c t e d  l i f e  i f  t h e  r e t a i n e d  i n i t i a l  f l a w s  a f t e r  
proof t e s t  were a c t u a l l y  s m a l l e r  than  50% of  t h e  c r i :  . 
t i c a l  s i z e  ." (Ref 23) 
e f o r e  F a i l u r e  
F i g .  VII -1  Family o f  C r i t i c a l  Crack-Size Curves Used i n  
E s t i m a t i n g  S e r v i c e  L i f e .  
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APPENDIX B 
SURVEY QUESTIONNAIRE 
A. AREA OF INTEREST 
Martin Marietta Corporation is conducting a study for NASA of Govern- 
ment and Aerospace Industry techniques and engineering systems used 
for determining and recertifying the shelf life of spare components 
and assembled flight or space systems. In the context of this study, 
the term "Shelf Life", is applied to the status of items stored in 
place, on vehicles, or on components, or in subsystems, etc; not 
just to items "on the shelf". All categories of airborne equipment 
which are age controlled are of interest to this study. 
B. STUDY OBJECTIVES 
1. Define and evaluate the different systems used for shelf life 
evaluations. 
2. Define techniques for using existing data to estimate extended 
shelf life. 
3. Investigate and define methods for determining minimal testing 
or methods used to recertify components and systems that exceed 
their designated shelf life. 
4. Identify specific types of hardware or physical parameters that 
preclude a valid determination of shelf life. 
C. QUESTIONS 
1. What components are considered time sensitive? Why? What life 
is assigned? 
2. What components are considered cycle sensitive? Why? What 
life is assigned? 
3. What procedure is used to determine limiting age and or shelf 
life? Cycle life? 
4. We have established the following categories of time sensitive 




Aging of Elastomers 
B-2 
QUESTIONNAIRE (Cont'd) 





Aging of Propellants/ 
Explosives 
Oxidation and Increasing 
Resistance 
Miscellaneous Electronic Whisker/Crystal Growth and 
Components Corrosion 




5. We have established the following categories of cycle sensitive 
components. Do you agree or have any to add? 
Category Reason 
Pressure Vessels Fatigue 
Bladders Pat igue 
Valves Wear 
6. The following techniques have been suggested for extending shelf 
or cycle life. Please discuss any experience you have had in 
these areas. Do you have any to add? 
a. Similarity - In cases where an article can be demonstrated to 
be similar to an article which has proven to have a signifi- 
cantly longer shelf life, the life of the first article can 
be extended on the basis above. 
b. Analysis - A study of the materials involved, the storage 
environment, activities and testing performed, expected 
degradation, intended use and failure history could lead 
to the extension of shelf life by analysis. 
c. Inspection - In some cases, visual and/or radiographic 
inspection will provide sufficient data to extend shelf or 
cycle life. 
d. T w  - In many ways, it will be necessary to retest the 
components or subsystems to justify the extension of shelf 
life. If testing is required, methods and levels of testing 
must be determined, for instance can a representative sample 
be tested or is it necessary to test the complete population 
and is it possible to teat to the acceptance level or is a 
repeat of qualification testing required. 
QUESTIONNAIRE (Cont ' d) 
Continued 
e .  Refurbishment - I n  many cases  refurbishment such a s  t h e  r e -  
placement of d e t e r i o r a t e d  p i ece  p a r t s  o r  r e l u b r i c a t i o n  w i l l  
extend s h e l f  o r  cyc le  l i f e .  
f .  Combination - I n  most cases ,  a combination of t h e  above f i v e  
approaches w i l l  be required.  
What has been t h e  e f f e c t  of s to rage  on she l f  l i f e ?  
a .  Method of  s torage ,  t h a t  i s  s t o r e d  when assembled i n t o  a 
complete system o r  s t o r e d  a s  a s epa ra t e  component. 
b. E f fec t  of  s to rage  environment inc luding  humidity, temperature,  
atmospheric contaminants, e t c .  
c. E f fec t  of packaging, p re se rva t ives ,  p r o t e c t i v e  f i lms ,  
encapsulat ion,  e t c .  
d. Personnel  access  during s to rage .  
What has  been t h e  e f f e c t  of s to rage  on ope ra t iona l  r e l i a b i l i t y ?  
What do you cons ider  good design p r a c t i c e s  f o r  maximum s h e l f  l i f e ?  
Cycle l i f e ?  
What procedure do you use t o  monitor s h e l f  l i f e  of components 
assembled i n t o  systems? Stored  a s  spares?  
Have t h e r e  been any changes t o  the  l i s t  of  time o r  cyc le  s e n s i t i v e  
components (addi t ions ,  d e l e t i o n s  o r  age extensions)  during t h e  
l i f e  of the  program? Why were these  changes made? 
Do you have any t e s t  d a t a  on components t h a t  have been s t o r e d  
t h a t  v e r i f i e s  t h e  s h e l f  o r  cyc le  l i f e  imposed? 
What ma te r i a l s  impose a s h e l f  l i f e  on components? 
a .  What i s  the  b a s i s  f o r  t h i s  f i n i t e  l i f e ?  
b. Has t h e r e  been any h i s t o r y  of change t o  t h e  al lowable l i f e  
of these  ma te r i a l s  due t o  t e s t i n g ,  experience,  e t c .  
c. Are t h e r e  any p a r t i c u l a r  combinations of ma te r i a l s  t h a t  a r e  
age s e n s i t i v e  or  w i l l  reduce the  al lowable age of e i t h e r  
ma te r i a l .  
How has c o s t  a f f e c t e d  t h e d e c i s i o n  t o  extend s h e l f  l i f e  of a 
component? P lease  d iscuss  t h e  impact of  t h e  following f a c t o r s :  
Cost per  u n i t  
QUESTIONNAIRE (Cont ' d) 
C.  14. continued 
Number of u n i t s  involved 
Cost of an a n a l y s i s  program inc lud ing  c o s t  of r e t r i e v i n g  
da ta  
Cost of  refurbishment 
Cost of t e s t i n g  
Cost of i n spec t ion  
Cost of c leaning  
15. Do you have any s p e c i f i c  da t a  on c o s t s  involved i n  extending 
s h e l f  l i f e  o r  cyc le  l i f e  of a component? 
16. We would l i k e  copies  of any documents p e r t i n e n t  t o  t h i s  subjec t .  
I f  copies  a r e  not a v a i l a b l e ,  we would l i k e  re ferences .  
APPENDIX C 
SURVEY T R I P  REPORTS 
A l l  o f  t h e  s u r v e y  t r i p  r e p o r t s  g e n e r a t e d  d u r i n g  t h e  c o u r s e  o f  
t h i s  s t u d y  a r e  p r e s e n t e d  i n  t h i s  a p p e n d i x .  The r e a d e r  i s  c a u t i o n e d  
t o  keep  i n  mind t h a t  t h e  i n f o r m a t i o n  was raw d a t a  a t  t h e  t i m e  t h e  
r e p o r t  was w r i t t e n .  Many i n s t a n c e s  o f  c o n f l i c t i n g  i n f o r m a t i o n  were  
r e s o l v e d  d u r i n g  l a t e r  e v a l u a t i o n  and a n a l y s i s .  
6 January 1969 
1. Persons Making Tr ip  
M. G. Mueller,  Jr. Martin Mar ie t ta  Corporation - Systems Engrg. 
W. B. Gizz ie  Martin Mar ie t ta  Corporation - Logis t i c s  
K. E. Riggs NASA-R-TEST-ST 
J. A. Greer NASA-I-V-SIC/SIB 
R. W. McCoy NASA-I-V-E 
T. W. Ogletree NASA-I-I/IB-E 
2 .  Persons V i s i t e d  
H. L. Co l l ins  
H. B. Gibbs 
H. Farner  
D. L. Wilkerson 
T. J. Jerson 
J. P. Ringler  
T. B. Barbee 
H. C. Tucker 
M. T. Monson 
J. N. Dexter 
C. A. Vogtner 
H. R. Bencaz 
Boeing - Systems I n t e g r a t i o n  
Boeing - Systems I n t e g r a t i o n  
Boeing - Mater ia ls  & Processes 
Boeing - Elec t .  Mate r i a l s  6 Processes 
Boeing - Stage Design 
Boeing - Stage Design 
Boeing - Systems I n t e g r a t i o n  
Boeing - Sys tem I n t e g r a t i o n  
Boeing - Logis t i c s  
Boeing - Mater ia ls  & Processes 
NASA I-MICH-OA 
NASA I-MICH-OB 
3. Purpose of V i s i t  
The purpose of the  v i s i t  was t o  d iscuss  t h e  va r ious  components of the  S-IC 
s t age  which have l imi t ed  l i f e  due t o  calendar aging o r  opera t ion  and t o  
explore ways and means of extending t h a t  l i f e .  
4.  Discussion 
Any S-IC s t age  p a r t  t h a t  may reach t h e  end of i t s  ope ra t iona l  l i f e  before 
the  end of t h e  s t age  mission when subjected t o  t h e  normal opera t ional  
requirements of manufacturing, t e s t i n g ,  and launch checkout i s  considered 
a l imi t ed  l i f e  p a r t .  
Included i n  the  l i s t  of l imi ted  l i f e  items a r e  ordnance items, va lves  
and regu la to r s ,  e l e c t r o n i c  u n i t s ,  switches, r e l a y s ,  propel lant  tanks,  
f i l t e r s ,  servo-ac tua tors ,  umbil ical  couplings, b a t t e r i e s ,  and l i q u i d  
sensors .  C r i t e r i a  f o r  inc lus ion  on t h e  l i s t  inc lude  MSFC s p e c i f i c a t i o n  
requirements,  GFP requirements,  vendor recommendation, indus t ry  s tandards,  
and t e s t  da ta .  
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4.  Discussion - Continued 
Boeing has  a con t rac tua l  requirement t h a t  50% of spec i f i ed  component l i f e  
must remain when t h e  s t a g e  i s  shipped t o  KSC. It i s  f e l t  t h a t  t h i s  r e -  
quirement is t o o  r e s t r i c t i v e  and could r e s u l t  i n  unnecessary replacement 
and refurbishment of otherwise u s e f u l  components. 
S-IC design was based on a f ive-year  program. A s to rage  requirement 
which r e s u l t s  i n  a s t age  age of g r e a t e r  than f ive-years  may r e s u l t  i n  
a d d i t i o n a l  items of l imi t ed  l i f e  components. Boeing f e e l s  t h a t  t e s t i n g  
t o  r e -ve r i fy  aged components i s  t h e  only v a l i d  approach t o  extending l i f e ,  
except f o r  those items which a r e  r e g u l a r l y  re furb ished .  
Some e l e c t r o n i c  components a r e  p e r i o d i c a l l y  t e s t e d  f o r  funct ion  and d i -  
e l e c t r i c  s t r eng th .  These a r e  go-no-go t e s t s  and do not i n d i c a t e  t r e n d  
toward malfunction. 
Monitoring of component l i f e  is by s tandard  methods. Q&RA keeps s e r i a l i z e d  
component logs.  L o g i s t i c s  keeps p a r t  number component records.  Much of  
the opera t ing  time and cycle  monitoring is  automated i n  the  ground t e s t  
equipment. 
The only a d d i t i o n a l  l i f e  l i m i t  c a t egor i e s  suggested were m e t a l l i c s  ( f o r  
cor ros ion) ,  r e l a y s  and switches (wear and t e a r ) .  
5. Documents Obtained 
a .  Summary of Time, Cycle and Age L i f e  Recording Requirements and L i f e  
Apportionment f o r  S-IC Stage Components, Boeing 6OB03007, Change A. 
6.  Action Items 
None 
7. Summary 
A l i s t  of S-IC l i f e - l i m i t e d  component was obtained. Discussion r evea led  
no unusual items or  s i t u a t i o n s  wi th  r e spec t  t o  t h a t  l i s t .  Boeing f e e l s  
t h a t  refurbishment and/or r e t e s t  a r e  t h e  only v a l i d  bases f o r  extending 
component l i f e .  
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6 January 1969 
Add t o  Paragraph 4 - Discussion 
The Boeing Company made t h e  following comments i n  response t o  our 
Ques t ion  Number 9,  'What do you cons ider  good design p r a c t i c e s  fo r  
maximm cycle  l i f e ? "  
F rac tu re  mechanics and proof t e s t i n g  a r e  app l i ed  t o  v e r i f y  
s t a t i c  s t r e n g t h  o r  f a t i g u e  c r i t i c a l  s t r u c t u r e s  or  components. 
F rac tu re  mechanics i s  used t o  e s t a b l i s h  cyc le  l i f e  and would 
be used a s  an a i d  i n  determining s to rage  l i f e  l i m i t s .  
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4 CHRYSLER CORPORATION 
SPACE DIVISION 
MICHOUD, UUISIANA 
7 January 1969 
1. Persons Making T r i p  
M. G. Mueller,  Jr. Martin Mar ie t t a  Corporation - Systems Engrg. 
W. B. Gizzie  Martin Mar ie t t a  Corporation - Logi s t i c s  
J. A. Greer NASA - I-V-SIC Pro jec t  
C. R. ~ i t t s  NASA - I-111~-SI/IB 
R. D. McCoy NASA - I - V - E  
T. W. Ogletree NASA - I - I / IB-E 
2. Persons Vi s i t ed  
G. E.  Moore 
R. M. Anent 
J. W. Pear t  
W. H. Juengling 
R. J. Bork 
J. F. P a t r i c k  
W. A. Pot rafke  
M. Ambruzy 
G.  T. Rounis 
H. R. Stamm 
L. A. White 
G. 8. Goble 
B. D, Emeric 
J. L. Dietz 
E. J. Dofter 
C. A. Vogtner 
1 
CCSD - Mgr. - Logi s t i c s  Eng. 
CCSD - Mgr. - Maintenance Eng. 
CCSD - Mate r i a l s  Eng. 
CCSD - Chief,  Eng. E&EE 
CCSD - Mgr. - Electro-Mech. Des. 
CCSD - Mgr. - Qual i ty  Control  
CCSD - Managing Eng  ater rial Eng. 
CCSD - Q.C. Engineering 
CCSD - Mgr. - Qual i ty  Engineering 
CCSD - Sys. Engr. 
CCSD - R e l i a b i l i t y  Engineering 
CCSD - R e l i a b i l i t y  Engineering 
CCSD - Prop & Mech Engineering 
CCSD - Logi s t i c s  
CCSD - R e l i a b i l i t y  Eng. 
NASA - I-MICH-OA 
3. Purpose of V i s i t  
The purpose of t h e  v i s i t  was t o  d i scuss  t h e  various components of t h e  S-IB 
s t age  which have l imi ted  l i f e  due t o  calendar  aging o r  opera t ion  and t o  
explore ways and means of extending t h a t  l i f e .  
4. Discussion 
It was agreed t h a t  the  ca t egor i e s  of time s e n s i t i v e  components i d e n t i f i e d  
i n  Ques t ion  (4) of t h e  Ques t ionnai re  a r e  those t h a t  a r e  a l s o  recognized 
by CCSD. S t r e s s  cor ros ion  suscep t ib l e  ma te r i a l s ,  miscellaneous organic 
ma te r i a l s ,  and ma te r i a l s  t h a t  co ld  flow should be added t o  t h e  l i s t .  
R e l i a b i l i t y  publishes d a t a  f o r  a l l  age c o n t r o l  i tems. As a genera l  r u l e  
opera t ing  l i f e  i s  s e t  t h e  same as q u a l i f i c a t i o n  t e s t  requirements.  Elec-  
t r o n i c  equipment l i f e  i s  e s t a b l i s h e d  by decree. Cycle s e n s i t i v e  hardware 
l i f e  i s  based on wear out of the  equipment r a t h e r  than  d e t e r i o r a t i o n  due 
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4. Discussion - Continued 
t o  s to rage .  CCSD is  watching t h e  fol lowing a r e a s  f o r  s igns  of degradation: 
PVC coated  e l e c t r i c a l  w i r ing ,  Tef lon  coa ted  w i r e ,  Asbestos i n s u l a t i o n  
where a  sodium s i l i c a t e  bonder c r e a t e s  an a l k a l i n e  condi t ion  and e l e c t r i c a l  
connector p ins  t h a t  a r e  gold p l a t ed  over s i l v e r  and unprotected s i l v e r  
p l a t e .  The fol lowing items should be added t o  t h e  l is t  of cyc le  s e n s i t i v e  
components contained i n  Ques t ion  (5) .  Regulators  due t o  l u b r i c a t i o n ,  
switches due t o  f a t igue ,  motor pump due t o  wear and a u x i l i a r y  pump motor 
due t o  i n s u l a t i o n  breakdown and explosive br idge  wire  f i r i n g  u n i t  due t o  
spark  gap. A g l a s s  f i lament  wound pressure  v e s s e l  wi th  a  bu ty l  bladder 
i s  being watched f o r  degradat ion of t h e  adhesive s c a r f  j o in t .  
The techniques t h a t  a r e  used t o  extend component l i f e  a r e  r e f u r b i s h  and 
t e s t i n g .  S o f t  goods change and l u b r i c a t i o n  a r e  accomplished during 
r e fu rb i sh .  When time o r  cyc le  l i f e  exp i re s ,  components a r e  reviewed on 
an ind iv idua l  b a s i s  f o r  c o r r e c t i v e  a c t i o n .  The s i m i l a r i t y  method of  
extending l i f e  i s  d i s l i k e d  because r e q u a l i f i c a t i o n  of  modified p a r t s  has  
t o  be considered. 
Designing f o r  maximum l i f e  should cons ider  use of h igh  r e l i a b i l i t y  compon- 
e n t s ,  M i l i t a r y  Speci f ica t ions , screened p a r t s ,  50% dera ted  e l e c t r i c a l  p a r t s ,  
avoid use of s t r e s s  cor ros ion  and cold  flow suscep t ib l e  mater ia l s .  
Component l i f e  c o n t r o l  i s  monitored through use of p a r t  number and s e r i a l  
number c o n t r o l  system. Q u a l i t y  Control  monitors a l l  l i f e  items. Control 
i s  mostly computerized. 
Mate r i a l s  which impose s h e l f  l i f e  r e s t r i c t i o n  a re :  e lastomers and poly- 
mers a f f e c t e d  by u l t r a  v i o l e t  r a d i a t i o n ,  ozone, and p l a s t i c s i e e r  migration, 
p l a t i n g  combinations s e n s i t i v e  t o  cor ros ion ,  ma te r i a l s  w i th  apprec iab le  
vapor pressures ,  and ma te r i a l s  s u s c e p t i b l e  t o  creep,  f a t igue  o r  s t r e s s  
cor ros ion .  
No s p e c i f i c  da t a  i s  a v a i l a b l e  on c o s t s  involved i n  extending s h e l f  l i f e  
o r  cyc le  l i f e  of a  component. 
5. Documents Obtained 
a. S-IB S e r i a l i z e d  Components L i f e ,  da ted  11 October 1968. 
b. L o g i s t i c  Engineering Spares S p e c i f i c a t i o n  L i s t ,  da ted  1 October 1968. 
c .  Space Division Procedure SD-99, Control  of S e r i a l i z a t i o n  f o r  Trace- 
a b i l i t y ,  Operating Time, Operating Cycles and/or Age and Deter iora t ion .  
d. General S p e c i f i c a t i o n  f o r  Packaging and Packing of  P a r t s ,  Repair 
P a r t s ,  and Components f o r  Space Vehicles ,  S p e c i f i c a t i o n  60C06020 
Revision F, dated 19 June 1964. 
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6. Action Items 
Martin Mar ie t t a  Corporation t o  d iscuss  Butyl  l i n e d  g l a s s  wound pressure  
vesse l  adhesive problems wi th  AGC. 
L i s t s  of S-IB l i f e  l imi t ed  components were obtained. Extending l i f e  has 
not been a p r a c t i c e  and l i t t l e  s to rage  experience e x i s t s  a t  CCSD because 
of t h e  na ture  of t h e  program. Refurbish and t e s t i n g  techniques a r e  used. 
Several  ma te r i a l s  were added t o  our l i s t  of c a t e g o r i e s  of  ma te r i a l s  
a f f e c t i n g  component l i f e .  ' 
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1. Persons  Making T r i p  
M.  G.  M u e l l e r ,  Jr. hMC Systems E n g i n e e r i n g  
W .  B .  G i z z i e  MMC L o g i s t i c s  
K .  E. Riggs NASA R-TEST-ST 
2. Pe r sons  V i s i t e d  
A. L. Varneau NAR, Apol lo  R e l i a b i l i t y  C e r t i f i c a t i o n  & Data 
M. B .  P i e r c e  NAR, Apol lo  R e l i a b i l i t y  C e r t i f i c a t i o n  & Data 
F. A .  H i l l ,  Jr. NAR, Apol lo  R e l i a b i l i t y  C e r t i f i c a t i o n  & Data 
R. V. S c o t t  NAR, Design Assurance 
L. E. Love NAR, Apol lo  P l a n s  & Programs 
3. Purpose  of  V i s i t  
The purpose  of  t h e  v i s i t  was t o  d i s c u s s  l i m i t e d  l i f e  components 
u t i l i z e d  i n  t h e  Apol lo  Command & S e r v i c e  Modules and t o  e x p l o r e  ways 
and means o f  e x t e n d i n g  component l i f e .  
4.  D i s c u s s i o n  
L imi ted  l i f e  components o f  t h e  Apol lo  CSM a r e  c o n t r o l l e d  w i t h  
r e s p e c t  t o  c a l e n d a r  l i f e ,  age  a t  i n s t a l l a t i o n ,  i n s t a l l e d  l i f e ,  
p e r i o d i c  o p e r a t i o n ,  p e r i o d i c  s e r v i c i n g ,  o p e r a t i n g  t ime a n d / o r  c y c l e  
l i f e .  C a t e g o r i e s  o f  c o n t r o l l e d  l i f e  components n o t  mentioned i n  our  
q u e s t i o n n a i r e  i n c l u d e  f o l d e d  f a b r i c s  ( p a r a c h u t e s ,  f o r  i n s t a n c e )  which 
r e q u i r e  p e r i o d i c  r e p a c k i n g ,  chemica l s  which may d e t e r i o r a t e  w i t h  t ime,  
pho tograph ic  f i l m ,  r a d i a t i o n  d e t e c t o r s ,  s w i t c h e s  and r e l a y s .  P r e s s u r e  
v e s s e l s  a r e  c o n t r o l l e d  w i t h  r e s p e c t  t o  o p e r a t i n g  t ime  a t  s p e c i f i e d  
p r e s s u r e s  a s  w e l l  a s  c y c l e s .  
Most o p e r a t i n g  l i f e  l imi t s  were de te rmined  from development and 
q u a l i f i c a t i o n  test r e s u l t s .  Other  l i m i t s  a r e  e s t a b l i s h e d  by MSC 
s p e c i f i c a t i o n  r e q u i r e m e n t s ,  GFP r e q u i r e m e n t s ,  and vendor  d a t a .  
O p e r a t i n g  time and c y c l e  r e c o r d s  f o r  most components a r e  k e p t  by 
f a c t o r i n g  from assembly o r  key component o p e r a t i n g  t imes .  By t h i s  
method s p e c i f i c  r e c o r d i n g s  a r e  on ly  r e q u i r e d  f o r  about  5% t o  10% o f  
t h e  components f o r  which t ime r e c o r d s  a r e  k e p t .  
Most o f  t h e  s p a c e c r a f t  components have a  t h r e e  y e a r  l i f e  r e q u i r e -  
ment, however t h i s  r equ i rement  h a s  n o t  been proven.  Many o f  t h e s e  
i t e m s  a r e  n o t  on t h e  l i m i t e d - l i f e  c o m p o n e n t l i s t s .  As t h e  s t o r a g e  
program i s  developed f o r  t h e  AAP s p a c e c r a f t  new problems may a r i s e .  
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E x t e n s i o n  o f  t h e  l i f e  l i m i t  m igh t  i n c l u d e  a l l  t h e  c o n c e p t s  l i s t e d  
i n  t h e  q u e s t i o n n a i r e .  Design groups  and d e s i g n  a s s u r a n c e  groups  have 
t h e  b a s i c  r e s p o n s i b i l i t y  f o r  t h e  r e q u i r e m e n t s .  
The m i l e s t o n e  rev iew sys tem i s  used  t o  a s s u r e  adequa te  l i f e  o f  
each component f o r  r emain ing  schedu led  o p e r a t i o n s .  
Components a r e  added t o  o r  d e l e t e d  from l i s t  f o r  v a r i o u s  r e a s o n s  
i n c l u d i n g  m o d i f i c a t i o n  t o  e l i m i n a t e  age o r  wear s e n s i t i v e  p i e c e  p a r t s ,  
e x p e r i e n c e  and t e s t  d a t a ,  o r  vendor i n f o r m a t i o n .  
Apol lo  h a s  accumulated v e r y  l i t t l e  d a t a  on t h e  e f f e c t s  o f  s t o r a g e  
on o p e r a t i n g  l i f e .  
No d a t a  was a v a i l a b l e  on c o s t s  of  e x t e n d i n g  component l i f e .  
5.  Documents Obta ined  
a .  C o n t r o l l e d  D e l i v e r a b l e  L imi ted  U s e f u l  L i f e  I t e m s ,  NAR P o l i c y  
C-09, 11-15-68. 
b. C o n t r o l  o f  CSM Age C o n t r o l l e d  and Time A c t i o n  ~ t e m s ~ ~ s s e m b l i e s ,  
Implementing I n s t r u c t i o n  AII-Cl6,  9-24-68. 
c .  Apol lo  TimejCycle S i g n i f i c a n t  I t em L i s t  and Requirements ,  NAR 
Spec.  MA0201-0077, Rev. K ,  10-1-68. 
d .  Apol lo  CSM Age Cont ro l l ed ITime  A c t i o n  L i s t  and Requirements ,  
NAR Spec.  MA0201-5695, 9-19-68. 
e .  Age C o n t r o l  S t a n d a r d  f o r  Age-Sensi t ive  Rubber I t ems ,  NAR Spec.  
MA0116-029, Rev. E ,  9-27-68. 
f .  Block I1 Assessment O p e r a t i n g  Time Tree ,  Revised 3-5-68. 
g. Sample Copies  o f  E s t i m a t e d  O p e r a t i n g  Time Repor t .  
h. Apol lo  O p e r a t i n g  TimejCycle System. 
6. Ac t ion  Items 
a .  MMC t o  check w i t h  -Honeywell C o r p o r a t i o n  r e g a r d i n g  s t u d y  t o  e x t e n d  
t h e  o p e r a t i n g  l i f e  and age l i m i t  on t h e  Apol lo  S t a b i l i z a t i o n  and 
C o n t r o l  System. 
7 .  Summary 
Many o f  t h e  s p a c e c r a f t  components have l i f e  l i m i t s .  L i m i t s  have 
been de te rmined  by test d a t a ,  a n a l y s i s ,  MSC r e q u i r e m e n t s  and vendor 
d a t a .  L i t t l e  d a t a  h a s  been accumulated on t h e  e f f e c t s  of  s t o r a g e  on 
l i m i t e d  l i f e  items. E x t e n s i o n  o f  o p e r a t i n g  o r  c y c l e  l i f e  h a s  been 
based on t e s t  d a t a  o r  r e f u r b i s h m e n t .  A n a l y s i s  would a l s o  be  a n  
a c c e p t a b l e  approach.  
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Add t o  Paragraph 4 - Discussion 
A study was conducted for  t h e  Ear th  Landing Sequence Con t ro l l e r  which 
r e s u l t e d  i n  extending i t s  l i f e  from t h r e e  yea r s  t o  s i x  years .  Q u a l i f i -  
c a t i o n  and o the r  t e s t  da t a  was u t i l i z e d  t o  j u s t i f y  t h e  extension.  The 
CSM Apollo P ro jec t  a t  MSC - Houston author ized  t h e  l i f e  extension.  
Add t o  Paragraph 6 - Action Items 
b. Contact R. C. Hood, P r o j e c t  O f f i c e r ,  CSM Apollo, J C 2 1 1  concerning 
information r e l a t i v e  t o  ex tens ion  of Ear th  Landing Sequence 
Cont ro l le r  l i f e .  
9 January 1969 
1. Persons Making T r i ~  
M. G .  Mueller,  Jr. Mart in Mar ie t ta  Corporation - Systems Eng. 
W. B .  Gizzie  Mart in Mar ie t ta  Corporation - Logi s t i c s  
K.  E.  Riggs NASA - R-TEST-ST 
2 .  Persons Vi s i t ed  
J. P. Arroyo 
R.  F.  Finney 
R.  C.  Lindberg 
R .  E .  Crandal l  
J. B. Vanaman 
R .  A. Welbourn 
J. E. Green 
T.  A. Burley 
MDAC - Program Off ice  
NASAIMSFC - Huntington Beach 
MDAC - Program Off ice  -- 
MDAC - Program Off ice  
MDAC - MM-RE 
MJJAC - MM-RE 
MDAC - MM-RE 
MDAC - Dev. Eng . 
3. Purpose of T r ip  
The purpose of t h e  v i s i t  was t o  d iscuss  t h e  var ious  components of t h e  
S-IVB s t age  which have l imi t ed  l i f e  due t o  ca lendar  aging o r  opera t ion  
and t o  explore ways and means of extending t h a t  l i f e .  
4. Discussion 
Test requirements t o  e s t a b l i s h  age o r  cyc le  l i f e  a r e  generated by the  
designer  and components a r e  sub jec t ed  t o  q u a l i f i c a t i o n  t e s t  o r  l i f e  cyc le  
t e s t .  No company guide or  c h e c k l i s t  e x i s t s  t o  he lp  designers  e s t a b l i s h  
cyc le  l i f e  o r  age. Customer d i r e c t i o n ,  Marshal l  Change Order 1715, 
e s t a b l i s h e s  guide l i n e s  along wi th  experience and documented data .  
Cycle l i f e  of components i s  i d e n t i f i e d  on Drawings 1B55423, 24 and 25. 
Cycle l i f e  i s  e s t a b l i s h e d  by t h e  designer  based on h i s  condi t ions  o r  
cons idera t ions  f o r  t h e  component except f o r  pressure  vesse l s  which a r e  
designed us ing  f r a c t u r e  mechanics. It i s  gene ra l ly  f e l t  t h a t  i f  a  
f a i l u r e  does not  occur w i t h i n  one year  a  f a i l u r e  w i l l  not  occur wi th in  
f i v e  yea r s .  
P a i n t s ,  f i n i s h e s  and coat ings  should be added t o  l i s t  of  ca t egor i e s  of  
time s e n s i t i v e  components. R e f l e c t i v i t y  and emiss iv i ty  of f i n i s h e s  may 
degrade with age. Kapton was s u b s t i t u t e d  f o r  Mylar because of h igher  
temperature r e s i s t a n c e  and non-burning c h a r a c t e r i s t i c s .  Thermal coa t ings  
on o r b i t i n g  s t ages  a r e  t h e  b igges t  problem. The coat ings  degrade and 
may have t o  be rep laced .  
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4. Discussion - Continued 
Redesign o r  modif ica t ion  of components may requ i re  o r  impose changes on 
cycle  l i f e  or  age l i m i t s .  MDAC does not  a n t i c i p a t e  any changes t o  l i f e  
or  age l i s t s  a s  a r e s u l t  of s to rage  f o r  t h r e e  years .  There is no r equ i re -  
ment t o  reserve  a  percentage of l i f e  a f t e r  de l ive ry  of equipment f o r  
launch. The l i f e  of every c r i t i c a l  component has been e s t ab l i shed  based 
on t e s t  da t a  and t echn ica l  a n a l y s i s .  No l i m i t s  have been a r b i t r a r i l y  
e s t ab l i shed .  
The r e l i a b i l i t y  assurance organiza t ion ,  q u a l i t y  c o n t r o l ,  monitors and 
records  time and cycle  da ta .  A purely manual accounting system i s  used. 
Spares a r e  bench checked before i n s t a l l a t i o n  on t h e  s tage .  Spares a r e  
maintained i n  con t ro l l ed  s to rage  area .  The t e s t  procedures def ine  time 
recording requirements.  Cost i s  inf luenced by t h e  a v a i l a b i l i t y  of p a r t s .  
General ly vendor p a r t s  a r e  re turned  t o  t h e  vendor f o r  refurbishment.  
P a r t s  would be re furb ished  unless  c o s t  would exceed 60-65% of new item. 
5. Documents Obtained 
a .  1B66667 L i s t ,  Master Age Control  Items, DSV-&B/lB/V F l i g h t  S tages ,  
GSE, and GSE Repair K i t s .  
b. 1B59360 Time S i g n i f i c a n t  Items - Calendar 
c .  1B55423 Government Furnished Proper ty  (GFP) Time/Cycle S i g n i f i c a n t  
Items 
d. 1B55424 Limited Data Co l l ec t ion  Time/Cycle S i g n i f i c a n t  Items. 
e .  1B55425 R e l i a b i l i t y  Time/Cycle S i g n i f i c a n t  Items. 
6.  Action Items 
R. E. Crandal l ,  MDAC - Program Off ice  agreed t o  send a copy of the  time 
and cycle  log  and recording shee t  used by MDAC. 
7. Summary 
Age and cycle  l i f e  drawings were obtained.  There were no major problem 
a r e a s  d isc losed .  P a i n t s ,  f i n i s h e s  and coat ings  degrade and may have t o  
be replaced.  MDAC does not a n t i c i p a t e  any changes t o  component cyc le  
l i f e  o r  age l ists as a r e s u l t  of s to rage  fo r  t h r e e  yea r s .  
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1. Persons Making Tr ip  
M. G. Mueller,  Jr. Martin Mar ie t t a  Corporation, Systems Engrg. 
W. B. Gizzie  Mart in Mar ie t ta  Corporation, L o g i s t i c s  
K. E. Riggs NASA~MSFC - (R-TEST-ST) 
W.  H. Johnson NASA~MSFC - S - I 1  Engr. 
2 .  Persons V i s i t e d  
E.  E.  P h i l l i p s  
G.  H. T i f f t  
J. S. Mullen 
0. R.  Bird 
S.  Mochidome 
D. L. Roelands 
V. P. Ostrander 
R .  B. Burton 
A. F. Weissenberger 
E. J. Ear l  
NR-D507 Contracts  
NR-~1099 S-I1  M&P 
NR-Dl595 Engrg. 
NR-Dl595 P ro j  . Engrg. 
NR-Contracts & P r i c i n g  
NR-595.300 R e l i a b i l i t y  
NR-595.310 R e l i a b i l i t y  
NR-Dl574 Log i s t i c s  
NR-D595/220 Proj  . Engr. 
NR-Dl148 S - I 1  Q&RA 
3. Purpose of V i s i t  
The purpose of t h e  v i s i t  was t o  d iscuss  the  various components of t h e  
S I I  Stage which have l imi t ed  l i f e  due t o  calendar  aging or  opera t ion  
and t o  explore ways and means of extending t h a t  l i f e .  
4. Discussion 
Every component procurement s p e c i f i c a t i o n  has a  design l i m i t  and a  t e s t  
program t o  v e r i f y  t h e  l i m i t  s pec i f i ed .  Components a r e  q u a l i f i c a t i o n  
t e s t e d  t o  the  design l i m i t s .  Some l i m i t s  a r e  e s t ab l i shed  by l imi t ed  
l i f e  i tem s p e c i f i c a t i o n s .  Other components have no l i m i t  s p e c i f i e d  
because l i f e  would not  be exceeded during program. Method of accounting 
f o r  component l i f e  was changed from i n s t a l l a t i o n  i n  s t age  t o  s t a r t i n g  
with acceptance t e s t .  With present  margins it i s  f e l t  t h a t  l i f e  cyc les  
w i l l  never be exceeded wi th  extended s to rage .  
Mater ia l s  wi th in  s t a g e  and components a r e  being changed t o  e l iminate  
s t r e s s  cor ros ion  suscep t ib l e  ma te r i a l s .  Teflon s e a l s  were ind ica t ed  a s  
having a  l imi t ed  cycle l i f e .  Mater ia l s  t h a t  a r e  p re - s t r e s sed  under 
normal condi t ion ,  e.g. ,  compressed spr ings  or  s e a l s ,  should be added t o  
ca t egor i e s  of time s e n s i t i v e  components. Gimbal s e a l s  and duct  bellows 
should be added t o  cyc le  s e n s i t i v e  components. I n s u l a t i o n  panels  a r e  
being subjec ted  t o  continuing t e s t s  with no problems showing up wi th  
one year  of n a t u r a l  environment exposure and 3-5 years  of acce le ra t ed  
aging. 
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4 .  Discussion - Continued 
It i s  f e l t  t h a t  t e s t s  would be requi red  a f t e r  s to rage  t o  v e r i f y  ope ra t iona l  
c a p a b i l i t y  and t h a t  a learn ing  curve f o r  t r a i n i n g  new people would consume 
some hardware. There i s  no requirement a s  t o  l i f e  remaining p r i o r  t o  
de l ive ry .  There a r e  requirements fo r  vendors on l i f e  remaining p r i o r  t o  
de l ive ry  t o  NAR. An evalua t ion  of the  time remaining i s  made a t  var ious  
phases i n  t h e  program. Time and cycles  a r e  recorded a g a i n s t  s e r i a l i z e d  
p a r t  numbered components and a r e  provided i n  t h e  acceptance da ta  package. 
No s p e c i f i c  d a t a  is  a v a i l a b l e  on components t h a t  v e r i f i e s  the  s h e l f  l i f e  
o r  cyc le  l i f e  imposed. There i s  no p r e - i n s t a l l a t i o n  t e s t  performed on 
spare  components. Mater ia l s  t h a t  were i d e n t i f i e d  as a f f e c t i n g  l i f e  of 
components a r e  e las tomer ics ,  b a t t e r i e s  and ordnance. 
5. Documents Obtained 
a .  Information: Limited L i f e ,  Age S e n s i t i v e ,  Opera t ional  TimeICycle 
(A c o l l e c t i o n  of  NAR p o l i c i e s ,  s p e c i f i c a t i o n s  and procedures 
def in ing  S - I1  s t age  component l i f e  l i m i t s ) .  
6.  Action Items 
A. NAR w i l l  provide a sample document demonstrating t h e  c o n t r o l  da t e  
recording system (Document received - i t em c losed)  
7. Summary 
Limited l i f e ,  age s e n s i t i v e  and cycle  l i f e  documents were obtained along 
wi th  NAR p o l i c i e s ,  s p e c i f i c a t i o n s  and procedures.  Some a d d i t i o n a l  compon- 
en t s  were added t o  our l i s t  of cyc le  s e n s i t i v e  hardware. No major 
problem a r e a s  were i d e n t i f i e d  and it was s t a t e d  t h a t  w i th  p resen t  margins 
i t  i s  f e l t  t h a t  t h e  opera t ion  l i f e  cyc le  w i l l  never be exceeded wi th  
extended s to rage .  
SURVEY TRIP REPORT 11-6 
THE IBM CORPORATION 
SPACE SYSTEMS CENTER 
HUNTSVILLE, ALABAMA 
14 January 1969 
1. Persons Making Trip 
L. W. Tipton MMC - Systems Engr. 
J. C. DuBuisson MMC - Systems Engr. 
R. McCooper NASA - I-U-IU 
D. J. Forsythe NASA - R-TEST-ST 
2. Persons Visited 
G. Case IBM - Material Engineer 
J. E. Lundberg IBM - Equipment Engineer 
C. J. Napolitano IBM - Reliability Engineer 
E. S. Hastings IBM - Program Office 
3. Purpose of Vis i t  
The purpose of the visit was to discuss the sundry components of the Saturn 
1B/V Instrument Unit which have limited life due to calendar aging o r  operation 
and to explore ways and means of extending their lives. 
4. Discussion 
Instrumentation unit components that a r e  operating time/cycle sensitive a re  
replaced, refurbished o r  reviewed before flight if the accumulative time/cycles 
exceeds that specified in MSFC No. JIf-6-602-61 ("Operating Time/Cycle Critical 
Components) Synthetic rubber and elaetomeric items a r e  age controlled per 
MSFC-STD105A and ANA-438 respectively. Other documents used a s  guides 
are: 
67-386-0003A III-6-602-774 Report on Age of Ftubber Parts 
in 1U 204. 
67-296-0006 III-5-502-7 Maintenance Analysis Summary Report 
67-296-0004 IJI-6-602-57 Time Sensitive Components 






386-SL-003C - - Storage of Perishable Parts
386-SL-004 - - Age Control and Storage Life of
Elastomerics
The standard compression of gaskets and seals in ANA-438 is 30%. The
standard compression used by IBM is 50%; therefore, the military specifi-
cations is not completely applicable. Also elastomer life is a function of
whether the elastomer is in tension or compression, the amount of ozone
present, etc.
The following suggestions and comments were made on the general subject of
design:
1. Vendor guarantees tend to be conservative. For example, IBM
successfully actuated one relay one million times although the vendor
guaranteed only 25, 000 cycles.
2. Don't store bearings pre-loaded if avoidable. (G. E., Cincinnati, Ohio,
is studying the dimensional changes of ball bearings with age.)
3. An electronic piece part failure is usually traceable to a fault in
manufacturing or design.
4. Wipe-off slip rings after storage.
5. Periodically add power to magnetrons to remove formed gases.
6. Presently, no one accepts the results of accelerated testing.
7. Cast materials age. Tests conducted over a twenty year period found
stress corrosion cracks in castings stored on the floor. Materials
tend to become homogeneous.
8. The Martin Marietta Corporation, Orlando Division, report on solder
joints was deemed excellent. Success with the crimp design has been
obtained by IBM.
9. The strength of 7075 and 2014 decrease with age.
10. Also suggested were (a) use solid state devices, (b) design for minimum
residual stresses, (c) derate, stress relief parts, (d) use minimum
number of moving parts, (e) match parameters, (f) etc.
C - 1 7  
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The following suggestiow and comments were made on the general subject 
of storage: 
1. The ]MU is stored in a controlled 32% R. H. environment. (Iron rusts 
a t  40% R. H., ref. ) The IMU is stored either as  a complete system or  
a s  separate components. PVC covers and desicant a r e  employed. The 
storage areas  a r e  behind Limited access, locked doors. 
2. Shelf life is monitored via log books. 
3. Cost data concerning storage, refurbishment, and replacement are  not 
available. 
5. Documents Obtained 
Operating Time Cycle Critical Components, Revision A, MSFC No. 111-6-602-61, 
16 March 1968, IBM, (U) 
6. Action Items 
Obtain the remaining documents listed in the discussion section. 
7. Summary 
A list of Saturn Instrument Unit life limited components was obtained. The 
discussions of design and storage parameters a s  they affect life limiting 
components agreed with the general concepts expressed elsewhere during 
thiB study. 
SURVEY TRIP REPORT 11-7 
NASA 
KENNEDY SPACE CENTER, FLORLDA 
15 January 1969 
1. Persons Making Trip 
H. R. Gang1 NASA/MSFC - R-QUAGAT 
D. J. Forsythe NASA/MSFC - R-TEST-ST 
J. T. Bull NASAA/MSFC - I-V-1~ 
J. C. DuBuisson MMC - Reliability 
L. W. Tipton MMC - Systems Engr. 
2. Persons Visited 
J. B. Downs NASA/KSC - DE-MSD-2 
W. E. Radford NASA/KSC - LV-MEC-1 
J. E. Sullivan NASA/KSC - DE-KEM-2 
J. R. McBee NASA/KSC - DE-MSD2 
W. Stamples NASA/KSC 
K. Jenldns NASA/KSC 
3. Purpose of Trip 
The purpose of this trip was to  identify and discuss various components in the 
Saturn GSE which have a limited life due to calendar aging o r  operation and 
explore methods of extending this life. 
4. Discussion 
The components and materials discussed during this meeting were primarily 
those used in the Launch Umbilical Tower (LUT) since this was the area of 
responsibility for the attendees. 
Components with an operating time or cycle limit a re  listed in a "Saturn V 
Male Time/Cycle Data Printout" No. D5-16309-1 prepared by the Boeing 
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In addition to this there is an age control requirement imposed on synthetic 
rubber by KSC spec 79K00030 which allows a shelf life of eight quarters prior 
to installation of the rubber piece part into its next assembly and sixteen 
quarters after installation. It is interesting to note that a simflar spec from 
MSFC allows 24 quarters after installation. At the expiration of this 16 
quarter life, the component is disassembled and the synthetic rubber parts 
a r e  replaced. Several of the attendees disagreed with this approach for the 
following reasons: 
1. Many of the components have been damaged during disassembly. 
2. Often, when a component is removed for disassembly it is necessary 
to rerun tests to verify the operation of the replacement part. 
3.  There has never been a failure or malfunction that could definitely 
be attributed to age degraded synthetic rubber. 
No distin ction is made in this spec between synthetic rubber parts used in 
hydraulic and pneumatic systems. 
It was pointed out that the P&VE Lab a t  MSFC has been doing considerable 
test work on the aging of synthetic rubber piece parts. Mr. Gleason Wffliama 
of that organization was mentioned as  a source for this data. 
Synthetic rubber piece parts a r e  oontrolled from their cure date. This date 
is stamped on the part. When a piece is installed in a serialized component, 
the fact is so noted in the component's log book by quality control. Kits 
containing synthetic rubber parts a r e  recorded by cure date. 
Components requiring calibration a r e  normally calibrated every six months. 
Calibration is maintained on critical spares. 
Several opinions were expressed by attendees a t  this meeting. 
1. Glass fuses become erratic after two or three years and should be 
replaced. 
2. Nickel-Cadmium batteries used as  a back up power source have been 
a continuous source of trouble apparently due to whisker growth during 
charging. 
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3. Electrical cables should have a useful life of at least five years and 
should be checked at  thie time. Critical cables in the Saturn GSE 
a r e  continuity and megger checked before each launch operation. 
There has been some experience with degradation of "0" rings in 
electrical, connectors. These rings a r e  inspected every time a 
connector is made up. 
4. Large motors should be rotated periodically during storage to prevent 
imbalance. 
5. The shelf lffe of ablative coatings increases below 750F 
6. Synthetic rubber parts should be stored in light proof, sealed con- 
tainers. The present storage procedure does not require light 
proof containers but it should be changed. 
It was felt that a test program should be started to determine the condition of 
synthetic rubber goods that has been removed due to age in order to extend the 
useful life and measure the difference of affect of hydraulic and pneumatic 
environment. 
5. Documents Obtained 
1. KSC Spec 79K00030, Age Control of Synthetic Rubber, Specification for 
2. Saturn V MLSE Time/Cycle Data Printout No. D5-16309-1 
6. Action Items 
1. Mr. H. Gang1 NAsA/MSFC wffl provide file of Intercenter Alerts 
for review. 
2. Mr. D. Forsythe NASA/MSFC will contact Mr. Gleason Wflliams and 
get the res l l t s  of age testing on synthetic rublhr that is being done by 
the MSFC P&VE lab. 
7. Summary 
Several problem areas  and data sources were discussed. 
SURVEY TRIP REPORT NO. 11-8 




1. Persons Making Trip 
D. J. Forsythe NASA/MSFC - R-TEST-ST 
H. R. Gang1 NAsA/MSFC - R-QUAL-AT 
J. C. DuBuisson MMC - Reliability 
L. W. Tipton MMC - Systems Engr. 
J. T. ~ u l l  NASA/MSFC - I-V-IU 
2. Persons Visited 
W. Wood MMC - Reliability 
W. S d e y  MMC - Pershing Logistics 
L. Schaidt MMC - Bull Pup Program Manager 
A. Donelan MMC - Pershing Logistics 
J. Meritt MMC - Pershing Logistics 
3. Purpose of Visit 
The purpose of this visit was to gether shelf life, operating life and cycle life 
data from weapon systems that a r e  manufactured at  MMC, Orlando. 
4. Discussion 
There was a general discussion on the shape of failure rate curves for electronic 
and electro-mechanical components. In both cases the failure rate peaks a t  about 
one hundred hours of operating life. From this point there is a drop off of 
failure rate to  a lmee at eight to  twelve hundred hours. For pure electronic, 
solid state components, the failure rate remains constant until obsolescense. 
For electro-mechanical components o r  components containing tubes, there is 
an increase in failure rate due to wear out at three to four thousand hours. 
The Bull Pup project has been monitoring a program for the evaluation of aging 
degradation on one shot items in this weapon system including ordnance, batteries 
and spring wound gyros. Twenty one missiles worth of these components, three, 
four and five years old makhg a total of sixty three sets have been expended under 
controlled oonditions. The results of this testing were not immediately available 
but report references were supplied. 
The Pershing project is monitoring a Storage Quality Evaluation program which 
i s  being run by Pueblo Army Depot. In this program, certain critical components 
are  tested periodically in an effort to identify degradation trends. Results of this 
program wil l  be made available by Mr. Dave Ray of the Pershing quality 
organization. 
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The following statements were made about the condition of the Pershing system: 
1. The self contained hydraulic units are  cycled every slx months. There 
has been some precharge leakage noted. 
2. The silver zinc, one shot batteries used in the Pershlng missfle were 
originally assigned a five year service life. These batteries a r e  four 
to five years old and there has been no evidence of degradation. 
3. Pershing solid motors a re  inspected periodically using a horoscope. 
No radiographic inspection is performed. There has been no detectable 
degradation in these motors. 
During this visit, the documents available in the Orlando rellabfflty group were 
reviewed and it was requested that about thirty documents be provided for review 
5. Documents Obtained 
1. First Year Faflure Rates for Improved Pershing System Spares. 
6. Action Items 
1. MMC to get reports on the Bullpup one shot item test program. 
2. MMC to get results of Pershing Storage Quality Evaluation Program. 
3. MMC to follow up on borrowing documents from Orlando reliability group 
Summary 
Several documents were identified that should provide useable data for this 
study. 
SURVEY TRIP REPORT II-9 
ESB INCORPORATED 
EXIDE MISSILE AND ELECTRONICS DIVISION 
RALEIGH, NORTH CAROLINA 
17 January 1969 
1. Persons Making Trip 
L. W. Tipton Martin Marietta Corp. - Systems Engr. 
J. C. DuBuisson Martin Marietta Corp. - Systems Engr. 
D. J. Forsythe NASA/MSFC, R-TEST-ST 
H. R. Gangl, Jr. NASA/MSFC, R-QUAL-AT 
2. Persons Visited 
L. M. Hayes ESB, General Sales Mgr. 
A. M. Chreitzberg ESB, Assistant Director of Engr. 
J. F. Szabo ESB, Senior Project Engr. 
H. C. Williams ESB, Section Leader, Primary Batteries 
W. D. Bulla ESB, Project Engr. 
3. Purpose of Visit 
The purpose of the visit was to  discuss the sundry types of aerospace batteries and 
their components which have limited life due to calendar aging or  operation and to 
explore ways and means of extending that life. Silver-zinc batteries were of 
particular interest. 
4. Discussion 
Data is available to estimate the shelf life of aerospace batteries. Data was provided 
by ESB that shows the decrease in battery capacity with age and increasing storage 
temperature. With the storage temperatures a s  parameters, plots of log capacity 
versus time results in essentially linear relationships. If a certain battery capacity 
is required for a mission after n months @ a known storage temperature, the required 
mission capacity can be insured by increasing the specified as-manufactured rating 
by the amount of the storage degradation (weight limitations permitting). 
The adverse storage effects can be reduced by maintaining a battery at lower tempera- 
tures. For example; batteries supplied to J P L  for Mariner applications showed little 
degradation after three years storage (1964-1967) at 30°F. The batteries were acti- 
vated, charged, and sealed when flown to JPL under controlled temperature conditions. 
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Martin Marietta Corp., Denver Division, has Titan 11 battery data that supports 
the general trend of the storage degradation figures. 
The U. S. Navy should have considerable data on battery storage. TWO data 
sources recommended were the Key Point Naval Station in Washington and the 
Naval Ordnance Laboratory at  White Oaks, Maryland. (Mr. Fritz Bower). 
Mr. Don Elliot at SAAMA, San Antonio, Texas was also suggested a s  a possible 
source of data information. 
The following storage conditions were recommended: 
a. storage temperature below 80°F 
b. low relative humidity 
c. sealed batteries 
d. keep battery in polyethelene bag with a desicant 
e. fume free storage area 
f. bring battery to 50% R. H. before activating to prevent cellophane stress 
(thermal) 
g. store not charged. 
The material suppliers provide ESB with life estimates of their products every 
six months on a batch basis (epoxies, resins, adhesives, o-rings, etc.). The 
stock is rotated on an age basis. 
The shelf We of a material may be extended if tests indicate the material is still 
within specification (customer approving). The tests for life extension decisions are 
specified by the vendor. Lives a r e  extended by three month periods and are  
retested before use. They employ the mix date of pyrotechnics for control purposes; 
a 4 to 5 year Me is normal., 
The following techniques a re  employed by ESB for extending shelf life (question #6). 
a. By simulating whenever possible. They use standard drawings whenever 
possible. 
b. By chemical analysis and projection of life properties. 
c. By radiographic inspection. In addition to determining faulty batteries, 
technique is used to determine which batteries a re  superior for airborne 
usage. 
C-25 
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d. By refurbishment of squibs a s  applicable. Also refurbish with improved 
longer life components i f  applicable. 
The thermostat settings on heated Saturn batteries changed with storage time. The 
problem is under consideration. 
It was not lmown how to perform an accelerated life test for batteries. Accelerated 
testing changes the failure modes. 
ESB conducted tests to determine the effect of a battery being charged during storage. 
One battery, not charged, was stored for one year; it lost 20% of capacity. Another 
battery, charged, lost 40 to 50% of i ts  capacity in six months. 
5. Documents Obtained 
a .  A bound collection of shelf life storage test data prepared by ESB for 
Martin Marietta. Dated 1 7  January 1969. 
6. Action Items 
Contact suggested sources of data. 
7. Summary 
Useful data was obtained upon which shelf life decisions can be made. 
SURVEY TRIP REPORT 11-10 
McDONNELL DOUGLAS CORPORATION 
P.O. BOX 516 
ST. LOUIS, MO. 63166 
2 1  January 1969 
1. Persons Making Tr ip  
M. G. Mueller,  Jr. Martin Mar ie t t a  Corporation - Systems Engr. 
W. B .  Gizzie  Martin Mar ie t t a  Corporation - L o g i s t i c s  
W. H. Johnson NASA S-I1 Stage Off ice  
R.  L. Graham NASA R-QUAL-QR 
2 .  Persons Vi s i t ed  
L. F. Fry 
J. H. B l e i l e r  
R. A. Brink 
D. J. Arbuthnot 
R. E. Moon 
Chief of  Maintenance, A i r c r a f t  
Sec t ion  Chief,  A i r c r a f t  Ma in ta inab i l i t y  
Supervisor ,  Maintenance Engineering 
Manager, Ast ronaut ics  Division,  Maintenance Engr 
Supervisor ,  Ma in ta inab i l i t y  Gemini B 
3 .  Purpose of V i s i t  
The purpose of t h e  v i s i t  was t o  i d e n t i f y  and d i scuss  var ious  a i r c r a f t  and 
spacec ra f t  components which have a  l imi t ed  l i f e  due t o  calendar  aging o r  
opera t ion  and explore methods of extending t h i s  l i f e .  
4 .  Discussion 
L i t t l e  a i r c r a f t  components she l f  l i f e  d a t a  e x i s t s  a t  McDonnell Douglas, 
because t h e  components a r e  procured and de l ive red  according t o  product ion 
schedules.  Major a i r c r a f t  problem a r e a  encountered concerned epoxy 
potting-coumpound used on e l e c t r i c a l  connectors .  The potting-compound 
f a i l e d  a f t e r  approximately f i v e  years  by flowing out of t h e  connectors .  
I d e n t i f i c a t i o n  of t h e  potting-compound was not  immediately a v a i l a b l e .  
I n  our d iscuss ion  on t h e  spacec ra f t  components, i t  was learned  t h a t  
McDonnell Douglas has  no con t rac t  t o  maintain o r  s t o r e  equipment from 
pas t  programs. From t h e i r  p a s t  experience,  problems have been encountered 
wi th  t h e  following components: 
c locks - accuracy degrades without  proper winding frequency 
heat  s inks  - coolant  f l u i d  has caused corros ion  
t ransducers  - go out  of t o l e rance ,  but  would r e t u r n  wi th  cyc l ing  
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4. Discussion - continued 
parachutes  - repacked every 120 days and 30 days p r i o r  t o  launch 
r e l a y s  - increased r e s i s t a n c e  and out-of-spec performance wi th in  
four year  period 
meters - f a t i g u e  
ordnance a c t u a t o r s  - extend and hold 10 duty cyc le  opera t ing  l i m i t  
on compressed a i r  due t o  peening of s tops  
b a t t e r i e s  - experienced people/procedure problems b r ing  out  of 
s torage  
"0" r i n g s  - use 6 year  l i f e  but  be l i eve  it is not conservat ive 
enough fo r  s e a l s  used i n  space environment 
The following d e f i n i t i o n s  were obtained from t h e  A i r  Lock System Maintenance 
Summary document. 
Equipment i n s t a l l e d  l i f e  i s  t h e  c a l c u l a t e d  time i n t e r v a l  t h a t  equipment 
i n s t a l l e d  i n  the  spacecraf t  w i l l  s t i l l  meet s p e c i f i e d  requirements of 
performance. This  i s  subdivided i n t o  two ca t egor i e s :  
a .  I n s t a l l e d  l i f e  opera t ing  - The period of time o r  number of  
cyc les  an item may s u s t a i n  before it must be removed from 
f l i g h t  s t a t u s  o r  r e q u a l i f i e d  i n  accordance wi th  t h e  maintenance 
requirements column. A l i f e  l i m i t  time i n  t h i s  column denotes 
t h a t  t h e  item must be removed when t h e  l i f e  l i m i t  has  been 
reached or  exceeded. 
b. I n s t a l l e d  l i f e  non-operating - The per iod  of time i n  ca lendar  
time only t h a t  an i tem may remain i n a c t i v e  before  it must be 
t e s t e d  o r  maintained t o  prevent  degradat ion.  This  f igu re  
assumes s p e c i f i e d  precaut ionary measures have been taken f o r  
p ro tec t ion  from extreme environments and contamination. 
Storage l i f e  - the  s h o r t e s t  time per iod  a component may remain i n  
s torage  before  refurbishment i s  r equ i red .  Refurbish- 
ment and r e t e s t  r e t u r n s  t h e  s to rage  age t o  zero .  
Useful l i f e  - the  t o t a l  l i f e  span of t h e  component inc luding  
extensions following r e t e s t  and refurbishment (usual ly  
t o  program l i m i t  inc luding  con t rac t  ex tens ions)  
Shelf  l i f e  of a component i s  t h a t  t ime per iod  during which t h e  
component may be removed from s to rage  and used d i r e c t l y  without 
a p r e - i n s t a l l a t i o n  t e s t .  
A moisture b a r r i e r  compound, CRS.27, has  been evaluated wi th  r e s u l t s  
a v a i l a b l e  i n  a NASA-MSC study.  
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4. Discussion - continued 
Component l i f e  i s  e s t a b l i s h e d  by program requirements.  The t e s t i n g  method 
i s  t h e  only method t h a t  has been used t o  extend l i f e .  S i m i l a r i t y  methods 
could be used only i f  components a r e  used i n  s i m i l a r  mission app l i ca t ions .  
Inspec t ion  method was f e l t  t o  be good f o r  pyrotechnics  and hea t  s i n k s ,  
but  not f o r  va lves .  Changes have been made t o  component l i f e  based on 
p a s t  h i s t o r y  and experience.  
A Mate r i a l  Review Board system i s  used fo r  handling components which 
have passed l i f e  l i m i t s .  
5. Documents Obtained 
A. SEDR 306, Gemini Spacecraft  Systems Maintenance Summary 
6. Action Items 
A .  Obtain from McDonnell Douglas PS338 Gemini B AVE Preventa t ive  
Maintenance Requirements Summary, dated J u l y  1967 
B. Obtain copy of NASA-MSC Report on CRS-27 
7.  Summary 
L i t t l e  u s e f u l  a i r c r a f t  component d a t a  was obtained.  Spacecraft  component 
da t a  and d e f i n i t i o n s  discussed revea led  no major problem a r e a s .  Documents 
obtained con ta in  u s e f u l  information f o r  comparison with o t h e r  programs. 
SURVEY TRIP REPORT 11-11 
EAGLE PICHER INDUSTRIES, INC.  
JOPLIN. MISSOURI 
22 January 1969 
1. Persons Making Tr ip  
W. B. Gizzie  Martin Mar ie t t a  Corporation - Logi s t i c s  
M. G. Mueller ,  Jr. Martin Mar ie t t a  Corporation - Systems Engr. 
R. L. Graham NASA R-QUAL-QR 
W. H. Johnson NASA S - I 1  Stage Off ice  
2 .  Persons Vi s i t ed  
George Babb 
Cur t i s  Brown 
EP Contracts  
EP Engineering 
3 .  Purpose of V i s i t  
The purpose of the  v i s i t  was t o  d iscuss  the  modes of degradat ion i n  s i l v e r -  
z inc  b a t t e r i e s  and t o  explore  ways and means of extending s to rage  l i f e  
l i m i t s  of  b a t t e r i e s .  
4. Discussion 
Battery she l f  l i f e  (dry s to rage  l i f e )  cannot be i n f e r r e d  from a compari- 
son of r e s u l t s  of l i f e  t e s t s  of s i m i l a r  b a t t e r i e s .  Analysis is not a  
r e l i a b l e  bas i s  f o r  e s t a b l i s h i n g  l i f e  l i m i t s .  
Many f a c t o r s  a f f e c t  t h e  s to rage  l i f e  of a  primary s i l v e r - z i n c  ba t t e ry .  
These f a c t o r s  include:  
Open c i r c u i t  i n i t i a l  vo l tage  l i m i t  
Pre-discharge procedures 
I n i t i a l  discharge r a t e  
Discharge r a t e  vs .  time requirements 
Load vol tage  l i m i t s  
Voltage recovery requirements (following peak load pulses)  
Wet s tand  time requirements 
Dry s to rage  environment 
Production techniques u t i l i z e d  t o  meet s p e c i f i c a t i o n  requirements 
inc luding  v i b r a t i o n .  
B a t t e r i e s  of t h e  type u t i l i z e d  on the  Sa turn  s t a g e s  a r e  usua l ly  designed 
t o  provide 30% t o  35% more capaci ty  (when new) than t h e  s p e c i f i c a t i o n s  
r equ i re .  Aging e f f e c t s  a r e  most not iceable  during t h e  f i r s t  por t ion  of 
t h e  load vol tage  curve causing t h e  vol tage  t o  droop toward t h e  minimum 
l i m i t .  As  t h e  discharge continues t h e  vol tage  usua l ly  recovers  t o  nor- 
mal l e v e l s .  The pre-discharge procedure ( app l i ca t ion  of  a  spec i f i ed  load 
f o r  a  s p e c i f i e d  period of time a f t e r  a c t i v a t i o n  but  before i n s t a l l a t i o n )  
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4. Discussion - continued 
w i l l  u sua l ly  c a r r y  t h e  b a t t e r y  through most of t h e  drooped por t ion  of 
the  curve. 
Energy i s  s t o r e d  i n  the  s i l v e r  p l a t e s  of t h e  b a t t e r y  i n  t h e  form of 
s i l v e r  oxide and s i l v e r  peroxide. P a r t  of the  aging e f f e c t  i s  t h e  
r e s u l t  of migrat ion o r  breakdown of t h e  s i l v e r  peroxide molecules. 
Aging can a l s o  occur i n  t h e  p l a t e  sepa ra to r  ma te r i a l s ;  however, a  
b a t t e r y  s t o r e d  i n  the  dry s t a t e  does not  experience c r y s t a l  growth 
o r  s epa ra to r  puncture.  
The degradat ion is not s i g n i f i c a n t l y  r e l a t e d  t o  t h e  use of e i t h e r  a i r  
o r  n i t rogen i n  t h e  c e l l s  during s to rage .  
The t o t a l  load capac i ty  of t h e  b a t t e r y  i s  reduced by t h e  e f f e c t s  of 
aging. Tes t ing  of an aged b a t t e r y  u t i l i z i n g  t h e  s p e c i f i e d  load curve 
i s  t h e  only e s t a b l i s h e d  method of determining i f  a s to rage  l i f e  l i m i t  
can be extended. The SIV-B b a t t e r y  s to rage  l i m i t  was extended from one 
year  t o  two yea r s  u t i l i z i n g  t h e  t e s t  concept .  Accelerated aging  has  
not been an e f f e c t i v e  t o o l  i n  i d e n t i f y i n g  age f a i l u r e  r a t e s .  
Optimum b a t t e r y  s to rage  temperature i s  20°F t o  30 '~.  Degradation i s  
minimal a t  s to rage  temperatures up t o  60 '~ .  B a t t e r i e s  should be kept  
i n  t h e i r  shipping con ta ine r s  which include des iccant  and humidity 
ind ica to r s .  
Eagle Picher  has performed a s tudy f o r  NASA/MSFC regard ing  ex tens ion  of 
t h e  s t and  time l i m i t s  of Sa tu rn  b a t t e r i e s  a f t e r  a c t i v a t i o n .  
5. Documents Obtained 
A .  Manually Activated Primary S i l v e r  Zinc B a t t e r i e s  
B. Automatically Activated S i l v e r  Zinc B a t t e r i e s  
C. Secondary S i l v e r  Zinc B a t t e r i e s  
D.  New Developments i n  Primary B a t t e r i e s  
A l l  above a r e  brochures published by Eagle P icher  I n d u s t r i e s ,  Inc.  
6. Action Items 
Contact R-ASTR-EPE, William B r i t z  or  Walter Goodhue f o r  da t a  from a 
s tudy of wet ( a c t i v a t e d )  s t and  time l i m i t  ex tens ion  (MASB-30023). 
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7 .  Summary 
Battery aging modes involve chemical changes wi th in  t h e  b a t t e r y  p l a t e s  
and can only be r e t a rded  by c o n t r o l l i n g  t h e  s to rage  environment. 
Tes t ing  of a n  aged b a t t e r y  i s  t h e  only way t o  determine poss ib l e  
s to rage  l i f e  extension.  Accelerated aging has not been a  s a t i s f a c t o r y  
t o o l .  
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OCAMA 
TINKER AIR FORCE aASE 
OKLAHOMA 
23 January 1969 
1. Persons Making Trip 
M. G. Mueller, Jr. MMC - Systems Engr. 
W. B. Gizzie MMC - Logistics 
W. H. Johnson NASA - S-II Stage Office 
R. L. Graham NASA - R-QUA L-QR 
2. Persons Visited 
J. M. Blake 
R. W. Wright 
E. R Spfflman 
B. W. Campbell 
Maj. H. G. McElroy 
F. C. Boardman 
J. W. Mullins 
C. R. Inmon 
H. E. Orr  
OCAMA (OCVP) Plans & Programs 
OCAMA (OCVP) Plans & Programs 
OCAMA (OCNET) Materials & Testing 
OCAMA (OCNMM) Policy/Systems 
OCNES Service Engineering 
OCNEM Service Engineering 
OCNER Service Engineering 
OCNEMH Service Engineerkg 
OCMQQLT Materials Testing Unit 
3. Purpose of Vbit  
The purpose of the vlait was to gather shelf life, operating life and 
cyole llfe data from weapon systems and components for which OCAMA is 
the prtme AMA. 
4. Discussion 
A brief presentation was made to  acquaint us  wlth the mission of 
OCAMA and to identify the equipment for which OCAMA has  responsibility. 
The AMA is divided into four directorates. Materials, Maintenance, Supply 
and Traneportation and Procurement with responsibility for the foUowing 
equipment: E 5 2 ,  ATD, ADM-20 Quail, AGM-28 Hound Dog, AGM69A SCRAM, 
Ground Communications Equipment, Jet Engines, Accessories, Hydraulics, 
Pneumatics. and Instruments. 
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Procedures exist a t  each AMA covering control of age controlled 
items. . 
Procedures are defined and established by AF Regulations and 
TecMcal  Orders. 
A copy of the regulations and T. 0. were obtained along with several 
copies of AF Forms 160 which is  the age control recording form. 
Paints, sealers  and adheasives a r e  tested by OCAMA depending upon 
such factors a s  cost, quantity involved, application, etc. and a r e  extended 
only after passing test requirements. Service engineering looks a t  the 
material sample. The chemtstry laboratory tests the sample based on 
experience, specifications and material. The tests performed a re  generally 
acceptance type tests. If the material passes the test, the life is extended. 
"0" rings and gaskets have been extended up to 10 years, one year a t  a time 
with no problems. Communications and electronics equipment have had no 
failurea related to age. The equipment is refurbished due only to operating 
time, not age. 
Potting compound, 3M, E C20273 and Pro  Seal 777 have been a 
problem. These compounds degrade with time, temperature, and humidity 
and a r e  no longer used. The compounds revert to a liquid form and run out 
of the connector. 
Subassembly installed "0" rings take a set and some scoring and 
nicking has been noticed on some assemblies produced by a particular vendor. 
It was felt that virgin teflon seals a re  generally superior to reclaimed teflon 
seals. Viton "0" ring seals have stuck to teflon coated parts on the shelf. 
Carbon seal wave springs have degraded after 3 to 4 years on shelf resulting 
in seal leakage. Service tests on landing gear has indicated that static leak- 
age is greatest at cold temperatures. Vapor phase inhibitor (VPI) has been 
used a s  an engine preservative successfully preventing corrosion. 
5. Documents Obtained 
A. AFLCR65-23 Age Controls For Property In Storage 
B. OCAMAR65-5 Maintenance-Engineering and Supply Control of 
Shelf-Life Items. 
C. T. 0. 00-20K-1 Inspection and Age Control USAF Equipment. 
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D. Report of Investigation of Accelerated Aging of Nitrile Rubber. 
E. Aging of Cure Dated I t e m  and Various Elastomeric Compounds. 
I?. AF Form 160 Stock or Price Change Voucher. 
Action Items 
A. H. E. Orr,  OCMQQLT, to send copy of Report of Investigation of 
Accelerated Aging of Nitrfle Rubber. (Closed copy of report 
received 1-28-60). 
B. MMC to obtain copies of AFLC Reg 65-2, AFLC Manual 65-3 and 
AFM67-1 ERRC coding dollar criteria on throw away items during 
visit to Dayton, Ohio. 
Summary 
The data and documents obtained will provide information useful for 
this study. Identification was made of the potting compounds that degrade 
with age, temperature and humidity. "0" r inga have been extended in 1 
year increments up to 10 years shelf life. An active testing program is 
urnzed to extend shelf Me. 
SURVEY TRIP REPORT 11-13 
SAN ANTONIO AIR MATERIEL AFLEA 
KELLY AIR FORCE BASE. TEXAS 
24 January 1969 
Persona Making Trip 
W. B. Gizzie MMC Logistics 
M. G. Mueller, Jr. MMC Systems Engineering 
A. C. Banning MMC Omaha District Office 
R. L. Graham NASA R-QUA L-QR 
W. H. Johnson NASA S-I1 Stage Office 
A. F. Kluever NASA LVGSE Logistics 
Persons Visited 
Charles Mosely SANEW Deputy Chief 
John Taylor SANEAD Aero Engr. 
Monte Autry SANEPR Propulsion 
1/Lt. B. Motonaga SANEMB Mechanical 
Ray S. Martinez SAMQQC Chemist 
Charles D. Elliott SANEEE Batteries 
1/Lt. Wm. S. Ffles, Jr. SANEEM Electronics 
John Pruett SANEEM Electrical 
Eddie J. French SAOQT Chemist 
Oscar H. Martinez SANEMS Mechanical 
Lt. Robert P. Oates SANETP Materials 
Raul S. Saenz SANEMM Mechanical 
M. H. Steiner, Sr. SANVTA Equipment Specialist 
Purpose of Visit 
The purpose of this visit was to discuss component age limits and aging 
surveillance testing of systems under SAAMA jurisdiction fncluding 
aircraft components, re-entry vehicle components, and batteries. 
Discussion 
A. Batteries 
Thermal batteries have had storage life extended from three years 
to a s  much a s  seven years. 
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Titan II batteries (silver zinc, automatic activation, Yardney 
Electric) have been extended from three years to four years. Test data 
has revealed no failures, based on the load profile used, on batteries 
to  66 months old. 
Falcon batteries (silver zinc) have been extended from three years 
t o  four years for batteries from two suppliers and 3-1/2 years for those 
from a third supplier. 
Degradation is due to chemical change in plates. It is affected 
by time and temperature. Maximum storage temperature is 70°F. 
Degradation rates a r e  not sigrdficantly different between auto- 
matically activated (sealed) batteries and manually activated batteries. 
Effects of degradation can only be determined by test of aged 
battery to specific load proffle. 
B. Fluids and Lubricants 
In 5606 type hydraulic fluids the viscosity improver additive begins 
to precipitate out after about two years in storage. This is easily identified 
by a viscosity check of a aample of the fluid. For fluid stored in a closed 
system, remixing is possible by exercise of the system, except in areas 
of low fluid velocity such a s  reservoirs and accumulators. 
Flourocarbon greases a re  very stable with age. Ordinary greases 
tend to separate during storage, especially with higher temperature cycling. 
Molycoat L (gimbal bearing lubricant) tends to become corrosive 
after more than twelve months and must be flushed out and replaced. 
C. Electrical/Electronic Equipment 
A basic go-no go functional test is wed  to extend life of electrical/ 
electronic subassemblies. Storage is in a warehouse environment in 
sealed containers. 
Deterioration of a silastic potting compound (Dow Corning 5651) 
caused malfunction of an altitude pressure switch Aging of the silastic 
was the cause of deterioration. Average time to operation outside specified 
limit was 20 months. Substitution on S6505 provided longer life up to about 
60 months. A copy of the test report was obtained from SAAMA. 
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SAAMA personnel also mentioned the connector potting compound 
problem reported at McDonnell and OCAMA meetings. 
A magnetic latching relay anomaly was reported, however they 
feel that a manufacturing defect fa responsible rather than age. 
No data has been gathered on change of relay contact resistance 
with storage age. 
Solenoids to about seven years old have been tested with no failures 
attributed to aging. Insulation resistance was still good. with no serious 
downtrend noted. 
D. Bonding Materials 
Epoxy bonding materials used at  SAAMA usually have a one year 
shelf life. After fabrication Shell Epon 931 and Epoxylite 5403 have shown 
tendencies to crack o r  debond after 3 to 4 years in dormant mode. Ablative 
materials have shown simflar trends. 
b 
Honeycomb bonding problems nearly always relate to temperature 
cycling, high humidity, o r  fabrication problems. 
E. Mechanical Equipment 
Meohssical component experience is principally with fuel systems 
(JP and RP fuels, and aromatic fuels). Principal cause of age degradation 
is mbber goods. Components including O-rings and diaphragms installed 
in 1200 fuel pumps have been in storage a s  long a s  13 years, then put in 
service after a spot check of rubber goods. No failure due to rubber goods 
has been reported after four to five years in operation. 
O-ring ehelf lLfe ranges from 5 to 9 years depending on the compound 
and vendor. A l l  O-rings a r e  sealed in opaque packages. Light is a detri- 
mental factor in aging process. 
No 1 M t  fa applied to  storage of components or use of components 
based on the age of t h e  inetalled rubber goods. 
Component operating time limits a re  often converted to calendar age 
l M t s  by estimating average use per day. A study of A i r  Force Technical 
Order6 defining overhaul, refurbish, or retest time period must be accom- 
plished with this f ador  in mind. 
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Teflon lined flexible hoses have a 48 to 60 month storage life, with 
no ILmit imposed after installation. Working pressure is usually 3000 psi. 
Operating life limits of various components have been extended as 
the result of inspections or test programs. 
5. Documents Obtained 
A. Report of Aging survefflance test of Pressure Lockout Switch, 
1-1688, Avco. 
6. Action Items 
A. Obtain copy of report AFML-TR-67-235: Literature Survey of the 
Effects of Long-Term Shelf Aging on Elastomeric Materials. 
B. Obtain copy of Report 92-20, Rubber Laboratory, San Francisco 
Bay Naval Shipyard: Effects of Shelf Aging on MIL-P-5516 
O-rings. 
7. Summary 
Useful data was obtained in several component categories of 
interest to this study. 
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THE BOEING COMPANY 
MISSILE & INFORMATION SYSTEMS DIVISION 
SEATTLE, WASHINGTON 
28 January 1969 
1. Persons Making Trip 
L. W. Tipton Martin Marietta Corporation, Systems Engineering 
J. C. DuBuisson Martin Marietta Corporation, Reliability 
K. E. Riggs NASA-R-TEST-ST 











3. Purpose of Visit 
The purpose of the visit was to discuss sundry aerospace components which 
have limited life due to calendar aging or operation and to explore ways 
and means of extending their lives. Propellants and ordnance devices were 
of particular interest. 
4. Discussion 
The separation ordnance of Minuteman has a demonstrated combined storage 
and service life of nine years. It is composed of a RDX-Lead Azide mix. 
Boeing and North American Rockwell data indicates an eight year life for 
battery squibs. 
It is believed that the solid propellant motor of the Minuteman's first 
stage may never achieve the nine year life of the separation ordnance 
since the propellant is failing in tension and internal cracks are 
appearing. However, 25 or 26 cracked first stage motors on the "A" 
program were test fired satisfactorily at the Ogden Air Materiel Area. 
The first stage propellant used a star grain configuration. The second 
stage motor may be more susceptible to cracks since it doesn't use the 
star grain configuration. The motors are packaged under Class C of 
standard USAF ordnance packing specifications. Mr. Joe Barrett at 
Ogden AMA should have more Minuteman life and failure data. (Mr. 
Barrett will be contacted during the visit to OOAMA. 
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4 .  Discussion - Continued 
A da t a  survey i n d i c a t e s  t h a t  l i n e a r  charges of  RDX-Lead Azide have a  
15 year  l i f e .  Boeinguses meta l - to-g lass  s e a l s  and performs 100% leak  
t e s t s .  Epoxy i s  not considered very s a t i s f a c t o r y .  Soldering c r e a t e s  
problems r e q u i r i n g  s p e c i a l  handling and process c o n t r o l .  Aluminum i s  
recommended a s  t h e  tamper ma te r i a l  f o r  l i n e a r  shaped charges;  lead tends 
t o  change shape wi th  temperature and load v a r i a t i o n s .  
Ordnance c i r c u i t s  a r e  au tomat ica l ly  checked p r i o r  t o  sending t o  t h e  f i e l d  
and a f t e r  a  f i e l d  t e s t  shows a  m i s s i l e  malfunction. Those components 
out  of s p e c i f i c a t i o n  a r e  re furb ished .  No evidence e x i s t s  t h a t  age has 
been a  cause of f a i l u r e .  The f a i l u r e  r a t e  has  been a  random 4% per  r e -  
cycle .  No d e t e r i o r a t i o n  of O-rings used i n  s t a t i c  app l i ca t ions  was found. 
The ope ra t iona l  c h a r a c t e r i s t i c s  of 1000 e l e c t r o n i c  components f i v e  years  
o l d  were compared t o  those measured when t h e  i d e n t i c a l  components were 
new. Based upon ex t r apo la t ion  of d r i f t  parameters ,  the  l i v e s  of t h e  
p a r t s  were es t imated  t o  be from 15 t o  20 yea r s ,  assuming a  l i n e a r  r e l a t i o n -  
sh ip .  The drawer from which these  p a r t s  were taken was i n  cont inual  use 
a t  50% of r a t e d  power, 50-55'~ and a  RH of 60% maximum. They were sub jec t -  
ed t o  very l i t t l e  ON and OFF cycl ing .  Components included t r a n s i s t o r s ,  
diodes,  r e s i s t o r s  and capac i to r s .  
I n  add i t ion ,  o the r  experience i n d i c a t e s  t h a t  (1) r e l a y  contac ts  degrade 
wi th  t ime,  (2)  brush r e s i s t a n c e  v a r i e s  wi th  age, (3 )  t iming con t ro l s  
change wi th  age, and (4) t h e  i n t e g r i t y  of  a  hermatic  s e a l  i s  an i n d i -  
c a t i o n  of t h e  cond i t ion  of t h e  p a r t s  encased. 
The Boeing packaging requirements a r e  e s t a b l i s h e d  p iece  by p iece  by 
con t rac tua l  s p e c i f i c a t i o n s .  The l e v e l s  A, B and C of MIL-P-116 a r e  de- 
f ined  i n  Boeing S p e c i f i c a t i o n  SC-25-27621-101. Class  A i s  dry pack i n  
cans.  Boeing r e l i e s  on packaging r a t h e r  than  environmental s torage  
c o n t r o l s  f o r  product p ro tec t ion .  However, t h e  motors a r e  s to red  a t  45% 
maximum RH and temperature con t ro l l ed .  
The gene ra l  answers t o  ques t ion  6  of t h e  ques t ionnai re  were: 
a .  Lives of s i m i l a r  components considered t h e  same only i f  exact ly 
s i m i l a r .  
b .  L i f e  of a ma te r i a l  can be est imated by a n a l y s i s  
c .  Radiographic inspec t ion  not  u s e f u l  f o r  providing l i f e  extension 
d a t a  f o r  l i n e a r  shaped charges.  It i s  b e t t e r  t o  buy e x t r a  
ordnance devices fo r  d e s t r u c t i v e  t e s t i n g .  
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4. Discussion - Continued 
d. Retes t  i s  used t o  j u s t i f y  l i f e  ex tens ion .  
e .  Refurbishment i s  used t o  extend l i f e .  
5. Documents Obtained 
None 
6. Action Items 
Obtain a copy of "Age/Wearout Evaluat ion of E lec t ron ic s  Equipment", 
SR-2-6522-001, dated 10 January 1969, from M r .  L. D. Alford, Minuteman 
Program Manager, P. 0. Box 3985, S e a t t l e ,  Washington, 19824. 
7. Summary 
Useful da t a  was obtained upon which s h e l f  l i f e  dec is ions  can be made 
1. Persons Making Tr ip  
K.  E .  Riggs N A S A ~ S F C  R-TEST-ST 
R .  McCoy NASAhSFC I-Y-E 
J. C. DuBuisson MMC - R e l i a b i l i t y  
L. W. Tipton MMC - Systems Engineering 
2 .  Persons Vi s i t ed  
W .  L. Hurd 
L .  Finch 
D .  Mazenko 
C .  Leake 
J. H. Teske 
A.  S. Fa l lon  
E. G. Bentley 
L. H. B r i t t o n  
H. C. Custer 
W .  Malaun 
LMSC SSD Product  Assurance Manager 
LMSC SSD R e l i a b i l i t y  
LMSC SSD R e l i a b i l i t y  
LMSC SSD R e l i a b i l i t y  
LMSC SSD Product Assurance 
LMSC P o l a r i s  R e l i a b i l i t y  Manager 
LMSC P o l a r i s  Operat ional  R e l i a b i l i t y  
LMSC P o l a r i s  R e l i a b i l i t y  
LMSC Elec t ron ic  R e l i a b i l i t y  
NPRO SPL443 
3 .  Purpose of V i s i t  
The purpose of t h i s  v i s i t  was t o  i d e n t i f y  and d i s c u s s  v a r i o u s  m i s s i l e  
and spacecraf t  components which have a l i m i t e d  l i f e  due t o  calendar  
aging or  opera t ion  and explore  methods of extending t h i s  l i f e .  
4 .  Discussion 
Lockheed Process S p e c i f i c a t i o n  No. LAC 3900B, Limited Calendar L i f e  
Mate r i a l s ,  Control  o f ,  l i s t s  t h e  ca lendar  l i f e  of m a t e r i a l  used a t  
LMSC. I n  a d d i t i o n  t o  the  s p e c i f i c a t i o n  number and t i t l e ,  i t  l i s t s  
t h e  fol lowing acceptable  time spans: 
a .  Date of manufacture t o  d a t e  of r e c e i p t  by LMSC. 
b .  Date of manufacture t o  d a t e  of assembly. 
c .  Date of r e c e i p t  t o  d a t e  of assembly. 
d .  Date of assembly t o  d a t e  of assembly l i f e  e x p i r a t i o n .  
Th i s  document a l s o  l i s t s  the  s to rage  temperature f o r  each m a t e r i a l .  
I n  t h e  event t h a t  t h e  ca lendar  l i f e  of t h e  m a t e r i a l  i s  exceeded, 
t h e r e  a r e  provis ions  i n  t h i s  s p e c i f i c a t i o n  f o r  extending l i f e .  Gen- 
e r a l l y  t h i s  i s  done by r e t e s t i n g  t h e  overage l o t ,  and i f  it passes  
t h e  t e s t ,  t h e  l i f e  i s  extended by 25% of t h e  o r i g i n a l  spec l i f e .  
There i s  no l i m i t  placed on the  number of r e t e s t s .  
The Space Systems Divis ion  (SSD) of LMSC has been faced wi th  extending 
t h e  calendar l i f e  of components i n  t h e  Agena system. A screening  
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committee has  been s e t  up t o  d i r e c t  and monitor t h i s  func t ion  by 
LMSC SSD Po l i cy  D i r e c t i v e  No. P-47. I n  add i t ion  t o  t h e  age and 
opera t ing  time func t ion ,  t h i s  committee monitors o the r  parameters 
t h a t  impact t h e  r e l i a b i l i t y  of t h e  system, e .g . ,  f a i l u r e s ,  excessive 
rework. The screening comait tee has t h e  fol lowing members: 
a .  Product Assurance Program Representa t ive  (Chairman) 
b .  Program Chief Systems Engineer 
c .  Program R e l i a b i l i t y  
d .  Responsible Equipment Engineer 
e .  Customer Representa t ive ,  i f  requi red  
Equipment t o  be screened i s  determined by SSD r e l i a b i l i t y  or  t h e  
program o f f i c e .  Th i s  committee then a s s igns  t o  t h e  r e spons ib le  
equipment engineer  t h e  t a s k  of prepar ing  a p l an  f o r  e x t e n d i n g  shelf  
l i f e .  This  p l a n  i s  reviewed and approved by t h e  screening  committee 
and based on t h e  r e s u l t s  of the  a c t i o n s  involved, a d e c i s i o n  i s  made 
on shelf  l i f e  ex tens ion .  
I n  order  t o  b e t t e r  understand t h i s  process  a n  ongoing a c t i o n  t o  ex- 
tend the she l f  l i f e  of t h e  Horizon Sensor System was d iscussed .  T h i s  
system has  a spec shelf  l i f e  of 36 months. A t  p re sen t  t h e r e  a r e  on 
hand 33 of these  u n i t s ,  26 of which have accrued 28 months o r  more of 
calendar  l i f e .  It i s  expected t h a t  14 u n i t s  w i l l  be  w e r  36 months 
o ld  a t  t h e i r  p red ic t ed  use d a t e .  I n  order  t o  extend ca lendar  l i f e ,  
t h e  following func t ion  w i l l  be performed on one system which i s  a t  
present  w e r  4 0  months o ld  (o ldes t  a v a i l a b l e ) .  
a .  Open mixer box f o r  v i s u a l  inspec t ion .  
b .  Measure head p res su re .  
c .  Perform eva lua t ion  t e s t  t o  the  o r i g i n a l  q u a l i f i c a t i o n  l e v e l  t o  
include : 
1) Thermal vacuum, bo th  h igh  and low temperature 
2) Vibra t ion  
3 )  Shock 
d . Parameter v e r i f i c a t i o n  and v i s u a l  i n spec t ion  
e .  Complete t e a r  down and d e s t r u c t i v e  in spec t ion  
Based on the successfu l  completion of t h i s  eva lua t ion ,  a func t iona l  
t e s t  requirement f o r  t h e  r e s t  of t h e  systems w i l l  be e s t a b l i s h e d  and. 
t h e  shelf  l i f e  w i l l  be  extended t o  60  months. 
The she l f  l i f e  of the  v e l o c i t y  meters  has  r e c e n t l y  been extended from 
36 t o  60 months us ing  a s imi l a r  technique.  
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The P o l a r i s  weapon system l i f e  i s  considered t o  be completely open 
ended w i t h  no age l i m i t a t i o n s  imposed a t  p r e s e n t .  This  system was 
o r i g i n a l l y  designed f o r  a  f i v e  year  l i f e .  Af ter  i t  had been de- 
ployed f o r  about four  years ,  it became obvious t h a t  s t e p s  would have 
t o  be taken t o  maintain confidence i n  t h e  system. For t h i s  reason,  
a  Service L i f e  Evaluat ion Program was e s t a b l i s h e d  c o n s i s t i n g  of t h e  
fol lowing s t e p s .  
a. Approximately 50% of the  e n t i r e  f l e e t  of m i s s i l e s  a r e  removed 
from t h e  submarines every yea r .  These m i s s i l e s  r ece ive  a  func- 
t i o n a l  check p r i o r  t o  removal and a r e  then  taken t o  a  Naval depot 
f a c i l i t y  where t h e  func t iona l  t e s t  i s  repea ted .  Af ter  t h i s ,  the  
m i s s i l e s  a r e  broken down i n t o  t h e i r  major components and these  
components a r e  t e s t e d  t o  assure  t h a t  they a r e  s t i l l  opera t ing  
w i t h i n  spec l i m i t s .  A l l  components t h a t  s a t i s f a c t o r i l y  pass  
these  t e s t s  a r e  he ld  i n  stock u n t i l  requi red  t o  bu i ld  up a  new 
m i s s i l e .  Resu l t s  of t h i s  t e s t i n g  a r e  sent  t o  LMSC. Where 
appropr i a t e ,  components t h a t  a r e  o u t  of spec a r e  sen t  t o  LMSC f o r  
f a i l u r e  a n a l y s i s .  
b .  Twelve m i s s i l e s  per year  a r e  removed from the a c t i v e  f l e e t  and 
re turned  t o  LMSC f o r  more complete t e s t i n g  t o  t h e  component l e v e l  
c .  Two t o  fou r  m i s s i l e s  per year from t h e  a c t i v e  f l e e t  a r e  re turned  
t o  LMSC f o r  complete a n a l y t i c a l  t e a r  down and where necessary,  
d e s t r u c t i v e  t e s t i n g .  
d .  One shot  i tems,  e .g . ,  ordnance and b a t t e r i e s  a r e  sampled every 
year  and r e s u l t s  of t h e i r  t e s t s  a r e  compared t o  the acceptance 
t e s t  d a t a .  
A l l  of t hese  d a t a  a r e  co l l ec t ed  and evaluated a t  LMSC and become 
t h e  b a s i s  f o r  . i den t i fy ing  any a c t i o n  r equ i red  t o  main ta in  confidence 
i n  mission success .  
Due t o  fund reduct ion ,  it i s  becoming necessary t o  change the  
Serv ice  L i f e  Evalua t ion  Program. The new program w i l l  continue the  
t e s t i n g  of 50% of t h e  f l e e t  by Naval depots ,  bu t  t h e  t e s t  equipment 
a t  t h e  l o c a t i o n s  i s  being modified t o  record  the  parameters measured 
on magnetic t ape  t h a t  i s  compatible wi th  LMSC computers so t h a t  t h e  
d a t a  can be monitored mechanically f o r  d i sc repanc ie s  and t r ends .  
The program of sampling and expending one shot  i tems w i l l  be con- 
t inued and LMSC in tends  t o  run t e s t s  on a l l  components t h a t  a r e  
re turned  t o  them f o r  r e p a i r  t o  measure degradat ion .  
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It i s  i n t e r e s t i n g  t o  note  t h a t  e las tomer ic  O-rings a r e  never 
changed i n  P o l a r i s  components un le s s  the r i n g s  f a i l  or  a r e  exposed 
dur ing  a disassembly ope ra t ion .  
5. Documents Obtained 
a .  Shelf L i f e  Evaluat ion Plan ,  Horizon Sensor System 
b .  SSD Pol icy  Di rec t ive  No. P-47, Specia l  Screening Action - SSD 
Mission C r i t i c a l  F l i g h t  Hardware 
6.  Action I= - None 
7. Summary 
Techniques used t o  extend she l f  l i f e  on SSD hardware and main ta in  
confidence w i t h  time i n  t h e  P o l a r i s  system were d iscussed .  
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2. Persons Vi s i t ed  
E. H. Dodge SMNEMP 
Capt. H.  E .  Webster I11 SMNEMP 
M. Alonso SMNCTB 
R. K.  Donohoo SMNCTB 
G. W .  H o s t e t l e r  SMNCTB-1 
T. Goodman SMNCTV 
L. McCurdy SMNCTB 
3 .  Purpose of Tr ip  
The purpose of t h i s  v i s i t  was t o  d i s c u s s  v a r i o u s  m i s s i l e  components 
which have a l imi t ed  l i f e  due t o  ca lendar  aging o r  ope ra t ion  and 
explore  methods of extending t h i s  l i f e .  
4 .  Discussion 
The d i scuss ion  a t  Sacramento A i r  Ma te r i e l  Area (SCAMA) p r imar i ly  
concerned t h e  Thor system which i s  t h e  r e s p o n s i b i l i t y  of t h i s  A i r  
Ma te r i e l  Area (AMA). 
A Service L i f e  Analysis  Program (SLAP) has  been r u n  on these  en- 
g ines  i n  an e f f o r t  t o  extend t h e  per iod  between overhauls .  Three 
v e r n i e r  engines and four  main engines were involved i n  t h i s  pro- 
gram wi th  t h e  following ages: 
Engine S e r i a l  No. B u i l t  Overhauled 
Main 
4221 1958 1962 
4304 1959 No 
4104 1958 1962 
4292 1959 No 
Vernier 
4232 1959 No 
4406 1959 No 
4334 1959 1962 
C-47  
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Main engines 4221 and 4304 and v e r n i e r  engines 4406 and 4334 were 
sen t  t o  Rocketdyne, instrumented and h o t  f i r e d .  Af t e r  t h e  hot  
f i r i n g s ,  they were disassembled and major components were t e s t e d .  
Then t h e r e  was a complete t e a r  duwn and a l l  p a r t s  were examined 
f o r  degradat ion .  There was no s i g n i f i c a n t  change i n  t h e  parameters 
measured dur ing  h o t  f i r i n g  from those measured i n  t h e  hot  f i r i n g  
a f t e r  o r i g i n a l  bu i ld  o r  overhaul .  
Main engines 4104 and 4292 and v e r n i e r  engine 4232 were l eak  and 
func t iona l  checked then disassembled t o  t h e  component l e v e l .  Com- 
ponents were t e s t e d  then completely to rn  down and inspec ted .  
Based on t h i s  program, the overhaul period on these  engines has  
been extended from 48 t o  96 months. Complete r e s u l t s  of t h i s  pro- 
gram a r e  i n  a r e p o r t  e n t i t l e d  " ~ h o r  MB3 M i s s i l e  Propuls ion  System, 
Service L i f e  Analysis" prepared by and a v a i l a b l e  a t  SCAMA. 
The s o f t  goodsremoved from the  engines  t h a t  were not  overhauled 
have been sent  t o  M r .  R .  Thornton, NASAhlSFC I-E-H f o r  a n a l y s i s .  
It i s  important t h a t  t h e  r e s u l t s  of t h i s  a n a l y s i s  be included i n  
t h i s  s tudy.  
SCAMA does not  have r e s p o n s i b i l i t y  f o r  the  At l a s  engines.  M r .  
Dodge b e l i e v e s  t h a t  Space and M i s s i l e  Systems Organiza t ion  (SAMSO) 
i s  running a program which w i l l  inc lude  f i r i n g  and t e a r  down of 
these  engines wi th  a goal  of increas ing  t h e i r  overhaul period from 
52 t o  72 months. 
Several o the r  s i g n i f i c a n t  s tatements  were made about l i f e  of the  
Thor engines.  
a .  Based on r e s u l t s  of t h e  se rv ice  l i f e  a n a l y s i s  and review of 
o the r  d a t a ,  t h e  r ep rese rva t ion  per iod  f o r  t h e  Thor engine 
gear boxes has  been extended from two t o  four  yea r s .  
b .  Pump tu rb ine  wheels have a running l i f e  of 1200 seconds. 
c .  It i s  f e l t  t h a t  t u r b i n e  pumps should be green run  a f t e r  over- 
hau l  p r imar i ly  t o  ca tch  any e r r o r s  made i n  bui ldup.  
d .  There i s  no cycle  l i f e  imposed on f l e x  l i n e s .  
e .  Gimbal bear ings  showed some wear due t o  excess ive  ope ra t ion .  
f  . Engine . wir ing  harnesses  showed no r educ t ion  i n  i n s u l a t i o n  
r e s i s t a n c e  al though t h e r e  were v i s i b l e  c racks  i n  t h e  cable  
ou te r  shea th .  
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g .  Af ter  e i g h t  yea r s  of l i f e ,  some s t r e s s  cor ros ion  cracking  was 
found i n  l o x  r e g u l a t o r  caps which a r e  c a s t  from 7075-T6. 
These were redesigned t o  inc rease  f i l l e t  r a d i i  from 0.030" t o  
0.090" and the  su r faces  were shot  peened t o  remove su r face  
s t r e s s e s .  With t h i s  change incorpora ted ,  the u n i t s  survived 
34,000 p res su re  cyc le s  a t  ambient. One thousand a d d i t i o n a l  
cyc le s  i n  a s a l t  spray caused su r face  cracking .  
The extens ion  of shelf  and opera t ing  l i f e  of components i n  the 
Thor system i s  p a r t  of the  r e s p o n s i b i l i t y  of the  "Improved Mainte- 
nance Program " (IMP). This  program i s  implemented by a s e r i e s  
of annual review meetings at tended by r e p r e s e n t a t i v e s  from the  
cognizant  AMA and t h e  us ing  agencies  and i s  chai red  by t h e  Tech- 
n i c a l  Serv ices  group from the AMA. Th i s  meeting i s  con t ro l l ed  by 
a n  agenda prepared i n  advance from inpu t s  from the AMA and us ing  
agenc ie s .  It i s  expected t h a t  the  agenda w i l l  be prepared e a r l y  
enough f o r  t h e  respons ib le  agency t o  prepare an approach f o r  solv-  
ing  each problem on t h e  agenda t o  p resen t  a t  the IMP meeting. This  
group a c t s  on each problem. The r e s u l t s  of these  a c t i o n s  a r e  r e -  
corded i n  t h e  IMP review minutes which, a f t e r  be ing  signed by 
r e p r e s e n t a t i v e s  of a l l  agencies ,  become binding.  
Three c a s e s  of  components whose l i f e  had been extended were men- 
t ioned . 
a .  The f u e l  tank v e n t  va lve  l i f e  was extended from 24 t o  48 
months. I n  t h i s  case ,  f a i l u r e  h i s t o r y  was reviewed and one 
va lve  was disassembled and analyzed by the  se rv ice  engineering 
group a t  SCAMA. 
b.  The l i f e  of the  l i n e a r  a c t u a t o r s  was extended from 36 t o  48 
months i n s t a l l e d  i n  t h e  m i s s i l e  based on review of f a i l u r e  
h i s t o r y  alone.  Th i s  ac tua to r  a l s o  has  a she l f  l i f e  of 36 
months p r i o r  t o  i n s t a l l a t i o n .  
c .  The f l i g h t  c o n t r o l l e r  had a time change requirement a t  42 
months a t  which time it was disassembled, re furb ished  and r e -  
acceptance t e s t e d .  Based on a review of f a i l u r e  h i s t o r y ,  i t  
was decided t o  remove the  time change requirement but  r e -  
c e r t i f y ,  by t e s t ,  these  u n i t s  every  30 months. 
I n  every case  involving the ex tens ion  of l i f e  i t  h a s  been the  
assigned r e s p o n s i b i l i t y  of t h e  se rv ice  engineering group a t  SCAMA 
t o  p l an  and implement t h i s  t a sk  and s e l l  the  r e s u l t s  t o  t h e  IMP 
review. 
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Several o ther  items of i n t e r e s t  were mentioned. 
a .  Rate gyros a r e  overhauled by t h e  vendor every 60 months. 
b .  Shelf l i f e  of O-rings i s  held t o  60 months before  i n s t a l l a -  
t ion.  
c .  Shelf l i f e  of tantalum capac i to r s  v a r i e s  from 12 t o  36 months. 
This  i s  based on recommendations by Western E l e c t r i c .  
d.  The m i s s i l e  s torage  warehouses a t  San Barnardino AFB now have 
condi t ioning  equipment i n s t a l l e d  t h a t  holds  the humidity below 
40%. This  has  made it poss ib l e  t o  extend the  i n t e r v a l  between 
corros ion  inspec t ions  on the  Thor from 30 t o  90 days.  
e .  There i s  no record of l u b r i c a n t s  time l i m i t i n g  components 
5 .  Documents Obtained - None 
Action Items 
a .  M r .  Riggs w i l l  ge t  the  r e s u l t s  of t e s t  on O-rings removed from 
a n ine  year  o ld  Thor engine from M r .  R .  Thornton, NAsA~SFC 
I -E-H.  
b. MMC w i l l  follow up on obta in ing  a copy of the se rv ice  l i f e  r e -  
p o r t  on Thor engines from Capt.  H .  E .  Webster, SMNEMP. 
Data were obtained on s e r v i c e  l i f e ,  problems i n  t h e  Thor systems 
and techniques used t o  so lve  these  problems. 
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1. Persons Making Tr ip  
L. W. T ip ton  Mart in Mar ie t t a  Corporat ion - Systems Engineering 
J. C.  DuBuisson Martin Mar ie t t a  Corporat ion - R e l i a b i l i t y  
K. E. RiggS NASA-R-TEST-ST 
R. W.  McCoy NASA-I-V-E 
2 .  Persons V i s i t e d  
H. K.  Fong Aerojet-General - Engr. Mgr., T i t a n  Weapon Systems 
G. M i l l e r  Aerojet-General - Engineering 
R. M. Lydon Aerojet-General - Mate r i a l s  Engineering 
D. Mayfield Aerojet-General - Engineering 
3. Purpose of V i s i t  
The purpose of t h e  v i s i t  was t o  d i scuss  propuls ion  system components which 
have l i m i t e d  l i f e  due t o  ca lendar  aging o r  ope ra t ion  and t o  explore  ways 
and means of extending t h e i r  l i v e s .  
4 .  Discussion 
Although t h e r e  i s  no scheduled overhaul of T i t a n  I1 engines, two engines 
a r e  t o r n  down and analyzed each year .  The disassembly is usua l ly  a f t e r  an 
engine run.  Some random overhaul da t a  i s  a l s o  a v a i l a b l e .  The only age 
l i m i t i n g  components a r e  s o f t  goods. No c y c l i c  l i m i t s  have been encountered; 
f i r i n g  and running times a r e  always recorded. 
A few n o n - c r i t i c a l  d iscrepancies  have been found such a s :  
a .  Some co r ros ion  of t h e  s h a f t  and bear ings  of t h e  tu rb ine  pump plus 
fo re ign  matter  i n  the  gear  box. Aerojet-General doesn ' t  run  preser -  
v a t i v e  through t h e  gear  box, but  r e l i e s  upon t h e  wet sump lub r i ca t ing  
during engine run. 
b. Turbine cracks.  
c .  A l i t t l e  cor ros ion  of t h e  needle bear ing  race  of t h e  gimbal assembly. 
No problem. 
The T i t a n  I1 engine va lves  a r e  funct ioned once a year  t o  prevent  s t i c k i n g  
s e a t s .  D i f f i c u l t y  has been experienced wi th  c leaning  t h e  va lves  with 
a lcohol  a f t e r  a c t u a t i o n ;  a r e s idue  remains t h a t  supports  cor ros ion .  
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4 .  Discussion - Continued 
Kel-F and Nylon s e a l s  a r e  used i n  t h e  ox id ize r  and f u e l  systems respec-  
t i v e l y .  The polymer s e a l  l i v e s  a r e  l imi t ed  t o  48 months i n  t h e  f u e l  
system and t o  36 months i n  t h e  ox id ize r  system. The 48 month l i m i t  is 
s l i g h t l y  conserva t ive  t o  a l low fo r  s t r e s s  co r ros ion  e f f e c t s .  No sp r ings  
have f a i l e d ;  t h e  o l d  sp r ings  a r e  used during r ebu i ld ing .  Some cadmium 
p l a t e  has come o f f  of t h e  spr ings .  
I n  1957, Aerojet-General t e s t e d  1500 elastomers by immersing i n  f u e l  
fo r  one year .  The more promising elastomers were immersed f o r  t h r e e  
years .  Thi r ty- four  s e a l  c h a r a c t e r i s t i c s  were recorded. 
During t h e  R&D s t age ,  t h e  s e l e c t e d  O-ring ma te r i a l s  were t e s t e d  before  
a n d ' a f t e r  exposure t o  75 f 5 ' ~  f o r  365 days and 160 f 5'F f o r  90 days. 
Ext rapola t ion  of age l i m i t i n g  parameters i nd ica t ed  a f i v e  year  or  more 
l i f e .  The R&D da ta  has  been compared t o  t h a t  of  2315 O-rings removed from 
engines t h a t  have been i n  se rv ice .  Some O-rings were approaching 72 
months s e r v i c e .  To ta l  assembled time, time on engine,  and s i l o  age were 
known f o r  these  O-rings. Reports a r e  a v a i l a b l e  concerning t h e  O-ring 
t e s t s .  
5. Documents Obtained 
None 
6.  Action Items 
a.  Obtain through Ogden A M ;  "Titan I1 Augmented Long Term Readiness 
Evaluat ion Program, S o f t  Goods Analysis Report", IR-TA-2575-I/M, 
P a r t s  I and 11, Vol. 11, Aerojet-General,  J u l y  1968 
b. Obtain R e l i a b i l i t y  P resen ta t ion  Viewgraphs from M r .  Fong. 
7 .  Summary 
The da ta  on O-ring aging may be b e n e f i c i a l  i n  s e t t i n g  age l i m i t s .  
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3. Purpose of Visit 
To discuss shelf life and life limitations imposed on guidance type 
components and to review the program currently in progress to 
extend the life l M t s  for the Apollo Stabilization Control System. 
4. Discussion 
During this meeting discuasio~l~l covered components in the electro- 
mechanical and electronic categories a s  utilized in guidance equipment. 
A. Gyros - Gyro spin motors utilizing ball bearings have an operating 
life limit of 4000 hours. This limit is based on test data (94 units 
tested to failure) which demonstrates an increasing failure rate for 
units operated beyond 4000 hours. The only item of concern i s  the 
ball bearings. Units in storage longer than two years would require 
relubrication (by the manufacturer). Relubrication was recommended 
at  2 year intervals, however, it  was admitted that with an optimum 
storage environment lubrication only upon removal from storage would 
probably be satisfactory. Versalube F-50 is utilized. Gyro float 
fluid involving bromine o r  chlorine has been found to degrade and 
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cause contamination o r  corrosion. Flourhated fluids are  recommended 
for best storage life. Gyro dr& is the parameter which is most often 
out of tolerance following storage. Minor non-conformances can often 
be corrected by a run-in period (15 to 30 minutes) following storage. 
Hermetically sealed units have a better shelf life capability than other 
types. 
For units which require that the float fluid be maintained at  140°, heater 
runaway is a hazard which can cause high internal pressure and resultant 
case leakage. 
In a i r  bearing gyros, high starting torque may cause failure or non- 
conforming operation following storage. This phenomenon may be the 
result of metal migration because of dry metal to metal contact during 
storage. 
Slip ring contact has not been a significant problem, especially when a 
run-in time is utilized after storage. 
B. Electronics - Capacitors and batteries a r e  the only piece parts of 
significant concern to Honeywell. Wet slug capacitors a re  not utilized. 
Data from a series of 2000 hour operating life tests of capacitors was 
not received in time for our meeting. A copy of the data wffl be for- 
warded to us when received by Honeywell. 
The battery utilized for the guidance system on the Athena vehicle has 
a one year storage life. With proper pre-conditioning after activation, 
a two year storage life is available. The average age of batteries a s  
launched is approximately fifteen months. 
C. Apollo SCS Life Extension Program - This study program is intended to 
provide data for proposed extensions of (1) shelf life from three years 
to five years and (2) operating life from 1500 hours to 5000 hours for 
specified components of the Stabilization Control System. Included are  
gyros, synchros, resolvers, gear trains, displays, stepper switches, 
and similar components. Operating We studies will include maintenance 
recommendations to  obtain the desired Me. 
Because the shelf life study results have not been reported to NAR Space 
Division, and the operating time tests a re  still in progress, specific 
data was not discussed. Honeywell agreed to supply us with a copy of 
the interim report on shelf life results after submittal to NAR - Space 
Division. 
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The original shelf We limit of three years was a program limit and 
not a Umit imposed by hardware requirements. The only area of real 
concern to Honeywell for extending shelf life to five years is bearing 
lubrication. Other items reviewed and tested have not indicated 
significant storage degradation. 
Analysis was the basic approach used for the shelf life extension with 
test data support in some areas. 
Material basic stability was reviewed and the five year requirement 
was met in all cases. 
D. Miscellaneous - Honeywell opinion is that storage results in reduced 
operating capability, however, they cannot identify thts in terms of 
reliabiltty degradation. Refurbishment was felt to be a valid concept 
for extending life, but has not been required for Apollo hardware. 
Dry lubricants are used by Honeywell in some sliding metal to metal 
situations. No degradation or corrosion has been identified as a 
result of using thls type of lubricant. 
Magnetic fields are not a degrading factor in any of the hardware 
discussed. 
5. Documents Obtained 
A. Advanced Orbiting Solar Observatory - Fine Wedge Test History; 
C. B. Hodge, Honeywell, Inc. 15 December 1965. 
B. Summary Sheets - Five Year U e  Test Program on Charged Capacitors; 
E. L. Ford, Sandia, 12 August 1968, IDEP 153.00.00.00-60-01. 
C. Notes and miscellaneous data on guidance equipment life tests. 
6. Action Items 
A. MMC to obtain a copy of the Interim Report from Honeywell to NAR 
Space Division concerning shelf life extension of Apollo SCS components 
when available (approximately April 1969). 
B. Honeywell to furnish additional information on capacitor life ltmitations. 
C. Honeywell to furnish a copy of Hughes Aircraft Co. report on lubrication. 
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7. Summary 
In guidance type equipment supplied by Honeywell the principle storage 
degradation factor is bearing lubrication. Programs to extend hardware 
life a r e  based on analysis and supported by test data. Refurbishment is 
also considered to be a valid concept. Upon removal from storage, a 
run-in period is recommended prior to  taking required test data. 
11 February 1969 
1. Persons Making T r i ~  
M. G. Mueller, Jr. Martin Marietta Corporation - Systems Engrg. 
W. B. Gizzie Martin Marietta Corporation - Logistics 
H. W. Kampmeier NASA/MSFC R-ASTR-BV 
J. A. Moore NASA/MSFC I-V-SIV-B 
2. Persons Visited 
M. Alexander AC Electronics - Systems Engineering 
J. H. Hall AC Electronics - Maintenance Engineering 
3. Purpose of Visit 
To identify and discuss various components which have a limited life 
due to calendar aging or operation and explore methods of extending 
this life. 
4. Discussion 
Terminology was discussed and AC Electronics' definitions for the 
following terms were obtained: 
Calendar Life - The maximum period of time from date of acceptance 
at the contractor's facility that an item can retain its desired 
performance characteristics, before being reconditioned or con- 
demned - whether the item is installed, either operating or not 
operating, or in storage. On the form, the specific limit is to 
be recorded under "Limit". The conditions under which the limit 
applies are to be given under "Remarks". These specific limits 
are engineering estimates based on the operating life and shelf 
life data in the CIL. 
Shelf Life - The maximum period of time from date of acceptance at 
the contractor's facility, during which the item remains unused in 
storage, that the item can retain its desired performance character- 
istics before being reconditioned or condemned. The values recorded 
on the forms are engineering estimates based on Technical Report 
No. RADC-TR-66-98 (RADC-TR-66-348, October 1966, "Dormant Operat- 
ing and Storage Effects on Electronic Equipment and Part ~eliability") 
and AC experience. 
C-57 
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4. Discussion - Continued 
Time/Cycle S e n s i t i v e  (TC) - An item which has  a s i g n i f i c a n t  
degradat ion mode o r  demonstrated f a i l u r e  r a t e  such t h a t  t h e  
event (performance ou t s ide  t h e  maximum acceptable  degradat ion 
limits) can be predic ted  as a funct ion  of ope ra t ing  l i f e  o r  
ca lendar  l i f e .  
A l l  of  ACE'S T-I11 p a r t s  a r e  s t o r e d  i n  bonded s to rage  a r e a s  within 
t h e  p lant .  SAMSO has  removed a l l  s h e l f  l i f e  requirements from these  
components. 
Some f a c t o r s  inf luencing  and improving s h e l f  l i f e  a r e  a screening  
process  f o r  e l e c t r i c a l  components. use of high q u a l i t y  l u b r i c a n t s ,  
de- ra t ing  t h e  design,  and p re fe r r ed  packaging (sea led  moisture proof 
con ta ine r s  and des iccants ) .  
Wet c a p a c i t o r s  have been e l iminated  from T-I11 components. General ly 
ACE uses  10  yea r s  normal l i f e  and 1 2  yea r s  abso lu te  maximum r e c e r t i f i -  
c a t i o n  f o r  t h e i r  e l e c t r o n i c  components. They have experienced no 
problems i d e n t i f i e d  as t h e  r e s u l t  of very low humidity on e l e c t r o n i c  
components dur ing  s torage .  Contamination introduced during process- 
and manufacturing of components is known t o  have r e s u l t e d  i n  reduced 
l i f e .  Bubbles i n  rubber shock mounts were c i t e d  a s  an example a s  
well  as so lven t s  and c l eane r s  on e l e c t r o n i c  equipment. Nylon insuia-  
t i o n  on wir ing experienced acce le ra t ed  aging  when subjec ted  t o  140-5'' F 
t o a s t  temperature. Out of 26 IMU 2 e l e c t r i c a l  harnesses  requi red  re-  
placement due t o  i n s u l a t i o n  degradat ion.  
Very few corros ion  problems have been experienced by AC due t o  ma te r i a l s  
used, e.g., go ld  p l a t ed  I M U  housing and pass iva ted  s t e e l s .  Bearings 
l u b r i c a t e d  wi th  grease  a r e  s t o r e d  3 y e a r s ,  2 yea r s  if l u b r i c a t e d  with 
o i l ,  before being r e lub r i ca t ed .  Gyros a r e  operated u n t i l  they go bad. 
Use of  TCP on bear ings  inc reases  bear ing  performance and r e s u l t s  i n  
h igher  y i e l d  r a t e s .  S t r a t i f i c a t i o n  of f l u i d  i n  f l o a t e d  instruments  
does occur and can r e s u l t  i n  degradat ion of  performance. The l i g h t  
source  i n  IMU is good f o r  6600 hours minimum and w a s  extended by de- 
r a t i n g  and changing design. It is  no problem and s to rage  has no e f f e c t .  
S t o r i n g  of FC-75 presented t h e  problem of rus t ed  con ta ine r s  re turned  
from England but t h e  f l u i d  s t o r e d  within a p l a s t i c  l i n e r  i n  t h e  con- 
t a i n e r s  met a l l  s p e c i f i c a t i o n s  upon t e s t i n g .  The f l u i d  is hygroscopic 
and is reclaimed by d i s t i l l a t i o n  but  p re sen t s  no problem when s t o r e d  
i n  sea l ed  conta iners .  
The AFT0 system is used t o  c o n t r o l  and t r a c k  opera t ing  time and spa res  
information. Elapsed time i n d i c a t o r s  on t h e  equipment a r e  used t o  
record  opera t ing  time. The people who opera te  t h e  equipment record 
t h e  time and a r e  monitored by Quali ty  Control .  Spares information is 
maintained by s e r i a l  number on t h e  s tock  record shee t  and automated 
t r a c k i n g  c o n t r o l  by computer. Manual t r ack ing  would be used f o r  a 
smal l  quan t i ty  of spares .  
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5. Documents Obtained 
a. A Proposed Spares Shelf Life Implementation Program for T-111 
Mol Booster Inertial Guidance System, 12 December 1967. 
b. Copy of Terminology Definitions 
6. Action Items 
Consider contacting NAR Autonetics concerning gas bearings. 
7. Summary 
The discussion provided useful information concerning ACE'S experiences 
with their components and equipment. The documents obtained contain 
useful information for comparison with other programs. 
SURVEY TRIP REPORT 11-20 
VICKERS, INCORPORATED 
DIVISION OF SPERRY RAND CORPORATION 
TROY, MICHIGAN 
11 FEBRUARY 1969 
1. Persons ma kin^ Trie 
William B. Gizzie Martin Marietta Corporation - Logistics 
Mark G. Mueller, Jr. Martin Marietta Corporation - Systems Engrg. 
Heinz W. Kampmeier NASA/MSFC R-ASTR-BV 
Joe A. Moore NASA/MSFC I-V-SIV-B 








Vickers - Aerospace Service Dept. 
Engineering Manager 
Military Support Manager 
Engineering Standards 
Manager, R&tl Chem. Lab. 
Quality Assurance 
Quality Assurance 
3. Purpose of Visit 
To discuss shelf life and operating life limitations and recertifica- 
tion methods for hydraulic system components. 
4.  Discussion 
The principle factor in assignment of life limits to hydraulic pumps 
and related components of a hydraulic system is O-ring life limits. 
Usually the life limit assigned to synthetic rubber goods of the 
types compatible with MIL-A-5606 and MIL-H-6083 is in accordance with 
requirements stated by the ultimate user or buyer of the component. 
Vickers has conducted several investigations involving hydraulic equip- 
ment which has lain unused for many years. These include recovered 
components from B-24 "Lady Be Good" after 17 years in the African 
desert, B-17 "My Gal Sal" after 24 years on the Greenland ice cap, 
and two aircraft after 6 and 24 years respectively in the Panamanian 
jungle. 
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4 .  Discussion (Continued) 
As one result of these investigations Vickers feels that current 
O-ring life limits are too restrictive. Nitrile rubber compounds 
have been very long lived when protected from ozone and sunlight. 
Vickers also feels that systems or compounds should not be dis- 
assembled for O-ring replacement following storage unless leakage 
is found during retest. 
Components and systems ahould be stored filled with 6083 oil. 
5606 oil may be used in systems in storage providing that the 
moisture content is in the lower portion of the allowable range, 
and that the system is tight. It was suggested that we obtain 
O-ring life data from one of the commercial airlines using the 
Electra aircraft which uses M-IL-H-5606 type fluid. 
No significant degradation has occurred in Vickers equipment as 
a result of? 
(a) Relaxation of springs during storage. 
(b) Stress corrosion (although some susceptible materials 
have been used). 
(c) Aging of the lubricant in shaft couplings, although a 
check of the coupling is recormnended upon removal from 
storage. 
The electric motors used with hydraulic pumps for space applica- 
tions have operating limits to avoid excess temperature in the 
insulating materials. One storage problem has been encountered 
in Saturn motor pumps - the motor housings have exhibited minor 
corrosion due to moisture accumulation and retention. The housing 
has been modified to provide purge fittings for drying the inside 
of the housing prior to storage. Units should be purged prior to 
storage and inspected following storage. 
Vickers engineers were of the opinion that periodic exercise of 
hydraulic equipment during storage is beneficial. The amount of 
exercise recommended was only that required to change relative 
positions of parts in mechanical components. They did recognize, 
however, that human activity in accomplishing the exercise could 
cause equipment damage or degradation. 
Among their design practices, the following were cited as contrib- 
uting to long life equipment: 
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4. Discussion (Continued) 
a. Use O-rings only in compression. (Some rubber chemists 
believe that rubber under compression may last up to 
100 times longer than in its ambient state) 
b. Use back-up rings to prevent O-ring extrusion at high 
pressures. 
c. Use MIL specification practices. 
Vickers does not feel that operating time capability is reduced 
by storage. 
5. Documents Obtained 
A. Aircraft Component Longevity (A Study of B-24 "Lady Be Good" 
Aircraft Hydraulic Equipment After 17 Years in the African 
Desert); A. B. Billet 
B. First Progress Report on Investigation of Hydraulic Equipment 
Removed from B-24-D "Lady Be Good" Aircraft; G. R. Blaske and 
D. J .  Burkhavdt, 9-7-60 
C. Tale of a Frozen Lady (Hydraulic System Studies of B-17 
"My Gal Sal" After 23 Years in Arctic ~nvironment) A. B. Billet 
D. Jungle Explorations of World War I1 Aircraft; A. B. Billet 
E. Excerpts from Unconfirmed Minutes Combined Meeting No. 60 of SAE 
Committee A-6, Aerospace Fluid Power Technologies of the SAE 
Aerospace Equipment Division with Hydraulic Engineers of Industry 
and Government, Mar. 28-31; 1966. 
6. Action Items 
A. Martin Marietta Corporation to contact Mr. Ben Mettee during 
visit to Navy Aviation Command Offices for pneumatic/hydraulic 
system information. 
B. Martin Marietta Corporation to consider contact with American 
Airlines maintenance base to discuss experience with hydraulic 
system of Electra aircraft (which uses MIL-H-5606 hydraulic 
fluid). 
C. Martin Marietta Corporation to obtain copy of AFML-TR-66-275. 
Report covering equipment recovered from B-17 "My Gal Sal". 
C-62 T r i p  Report 11-20 
7 .  Summary 
I n  hydraul ic  pumps and r e l a t e d  equipment, O-ring l i f e  l i m i t s  a r e  
t h e  p r i n c i p l e  f a c t o r  i n  component ca lendar  l i f e   limit^. For boos ter  
v e h i c l e  equipment the  p r i n c i p l e  ope ra t ing  time o r  cyc le  l i m i t  i s  
r e l a t e d  t o  the  e l e c t r i c  motor and not  t h e  mechanical equipment. 
Vickers  t e s t  programs i n d i c a t e  t h a t  O-ring l i f e  l i m i t s  a r e  s t i l l  
very  conservat ive.  They f e e l  t h a t  O-rings should not  be a r b i t r a r i l y  
changed i f  t h e  l i f e  l i m i t  i s  exceeded dur ing  s t o r a g e ;  replacement 
should be made only t o  c o r r e c t  leakage found during r e t e s t .  
SURVEY TRIP REPORT 11-21 
Moog, Incorporated 
East Aurora. New York 
13 February 1969 
1. Persons Making Trip 
Mark G. Mueller, Jr. MMC Systems Engineering 
William B. Gizzie MMC Logistics 
Heinz W. Kampmeier NASA/MSFC R-ASTR-BV 
Joe A.  Moore NASA/MSFC I-V-s IV B 
2. Persons Visited 
R. J. Newhard Moog Quality 
H. L. Steck Moog Program Manager 
L. J. Williams Moog Engineering 
D. R. Zook MMC Quality (Moog Rep. ) 
D. C. Dillon MMC Engineering (Moog Rep. ) 
3. Purpose of Vis i t  
To discuss storability and life limits of hydraulic serve*-actuators 
of the types used on the Saturn vehicle. 
4. Discussion 
Moog has experienced very few problems with "0" rings in hydraulic 
fluid except under high temperature conditions. Buna N seals a r e  used 
with 5606 and 6083 fluids. Valves for Martin a r e  flushed and filled with 
6083 before leaving the plant. Saturn actuators a r e  filled with oil prior 
to delivery and shipment. Moog can foresee no problem with 0 rings 
installed and stored at  0o0F upper 1 M t .  Their experience has indicated 
that components in storage should be left alone. Servo valves unoperated 
and stored in an uncontrolled environment for 4-1/2 years performed 
a s  well a s  valves operated every 30 days. Servo valves a r e  designed 
such that they have no limited life cycle. Valve We is determined by 
fluid errosion not wear o r  sliding.wear of parts. Torque motor operation 
changes occur with time, cycle and temperature resulting in a null shift. 
Servo valves should not be stored in high EM1 areas. Temperature has 
the most effect on null band shlft. Actuators a re  qualification tested 
for 2 million cycles at  1/3 stroke. Seal leakage is the biggest problem. 
The Gemini program is the only known program where cycle We was 
recorded for actuators. 
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Stress corrosion is a problem to cope with and is being controlled or 
eliminated by proper design, selection of basic material and by paying 
particular attention to exposed areas and plug areas. It is Moog's 
opinion that refurbish to replace 0 rings only results in more damage 
than leaving O-rings alone, especially to press  f i t  parts. Problems 
encountered with electrical components have not been related to age. 
Rubber goods age is monitored and controlled by Production Control. 
On military programs rubber not installed by the 7th quarter is thrown 
away. On NASA equipment rubber up to  8 quarters old can be installed. 
5. Documents Obtained 
a. Moog Procedure 812-003-100, Control for Synthetic Rubber 
Components, Rev. A, 10/23/68 and Supplement #I, Rev. A ,  
10/20/68. 
6. Adion Items 
None 
7. Summary 
Moog's experience indicates that installed 0 ring life is no problem and 
that many unnecessary 0 ring changes a re  made because of unrealistic 
specification requirements resulting in more handling damage. Servo 
valves a re  not cycle life limited. The problems encountered with elec- 
trical components have not been related to age. 
17 February  1969 
I .  Persons Makina T r i ~  
L. W. T i p t o n  MMC, Systems E n g i n e e r i n g  
J. C. DuBuisson MMC, R e l i a b i l i t y  
2. Persons V i s i t e d  
C. A. L o c u r t o  G. E., Mgr., Aging & Surveyance Dept. 
T. D. P r i c e  G. E., Mk 6 Program O f f i c e  
R. I. Swan G. E., Mk 12 Program O f f i c e  
3. Purpose o f  T r i p  
The purpose o f  t h e  v i s i t  was t o  d i s c u s s  sundry aerospace components which 
have l i m i t e d  l i f e  due t o  c a l e n d a r  ag ing  o r  o p e r a t i o n  and t o  e x p l o r e  ways 
and means o f  e x t e n d i n g  t h e i r  l i v e s .  
4. D i s c u s s i o n  
E s s e n t i a  l  l y a  t h r e e  s t e p  approach t o  e i t h e r  e x t e n d i n g  a l lowab le  age/ 
o p e r a t i o n a l  l i m i t s  o r  i n s u r i n g  r e l i a b i l i t y  under p r e s e n t  l i m i t s  was 
suggested. F i r s t ,  an Aging Modes and E f f e c t s  A n a l y s i s  (AMEA) should be 
performed t o  a s c e r t a i n  what i s  age ( o r  c y c l e 1  c r i t i c a l .  An AMEA should  
be r e q u i r e d  p r i o r  t o  des ign  r e l e a s e  t o  determine what i tems i n  a  component 
a r e  age c r i t i c a l  and t h e i r  l i f e  l i m i t a t i o n s .  M o d i f i c a t i o n  o f  t h e  des ign  
i s  r e q u i r e d  i f  ca lendar  o r  c y c l i c  l i f e  does n o t  meet minimum s p e c i f i c a t i o n s .  
Exper ienced chemists,  p h y s i c i s t s  o r  m a t e r i a l  eng ineers  should pe r fo rm t h e  
AMEA s i n c e  t h e  AMEA i s  performed e s s e n t i a l l y  a t  t h e  m a t e r i a l s  l eve l .  
Secondly, t h e  des igner  shou ld  i n c l u d e  a  l i f e  a n a l y s i s ,  i n c l u d i n g  t h e  AMEA, 
i n  h i s  des ign  r e p o r t  submi t ted  t o  t h e  des ign  r e v i e w  board (DRB).  P a r t  o f  
t h e  DRB f u n c t i o n  should  be t o  i n s u r e  t h a t  l i f e / c y c l e  requ i rements  have been 
met. 
F i n a l l y ,  a  p r o p e r l y  c o n s t i t u t e d  s u r v e i l l a n c e  program should  be implemented 
t o  i n s u r e  t h a t  e s t i m a t e d  l i f e  o r  c y c l e  l i m i t s  a r e  b e i n g  o b t a i n e d  i n  a c t u a l  
s t o r a g e  o r  s e r v i c e .  Only age s e n s i t i v e  components and t h e i r  i n d i c a t i v e  
parameters need be m o n i t o r e d  i f  e i t h e r  t h e  AMEA was complete and a c c u r a t e  
and/or  t e s t / f i e l d . d a t a  backs up t h e  age c r i t i c a l  i tems l i s t .  I f  an AMEA 
wasn ' t  performed p r i o r  t o  des ign re lease ,  one should  be performed sometime 
to  h e l p  e s t a b l i g h  t h e  age c r i t i c a l  l i s t  and t o  determine what parameters 
t o  mon i to r .  I t  i s  f e a s i b l e  t o  m o n i t o r  degrada t ion  i f  one f u l l y  knows t h e  
component. ( I t  was suggested t h a t  NASA m i g h t  c o n s i d e r  an age rev iew board 
t o  pe r fo rm AMEA's.) 
I n  c o n j u n c t i o n  w i t h  t h e  t h r e e  p reced ing  steps,  o v e r a l l  management c o n t r o l  
o f  c a l e n d a r / c y l i c  l i f e  may be r e q u i r e d .  A t  General  E l e c t r i c ' s  M i s s i  l e  and 
Space D i v i s i o n ,  an I n t e g r a t e d  T e s t  Program Board ( ITPB) i s  employed t o  pass 
on any s p e c i f i c a t i o n  changes i n c l u d i n g  those  t h a t  a f f e c t  component/system 
l i f e .  L i f e  i s  cons ide red  a  performance parameter.  The ITPB i s  c h a i r e d  by 
t h e  program r e l i a b i l i t y  eng ineer  and has members f rom q u a l i t y  c o n t r o l ,  
eng ineer ing ,  manufactur ing,  p r o j e c t s ,  and t h e  customer. The ITPB opera tes  
under a  w r i t t e n  c h a r t e r ;  a  copy o f  which w i l l  be ob ta ined .  
I t  was s t a t e d  t h a t  a c c e l e r a t e d  t e s t i n g  has been undu ly  condemned. The 
energy l e v e l  must be h i g h  enough t o  have e f f e c t .  However, one must 
t h o r o u g h l y  understand t h e  p h y s i c s  of t h e  m a t e r i a  I.  A c c e l e r a t e d  t e s t i n g  a t  
t h e  m a t e r i a l  l e v e l  i s  e a s i e s t .  
Age l i m i t s  shou ld  n o t  be determined or extended by s i m i l a r i t y  u n l e s s  they  
a r e  a lmos t  i d e n t i c a l .  Concern ing ordnance items, c a l e n d a r  l i v e s  have 
been extended u s i n g  m a n u f a c t u r e r ' s  b u l k  data.  Ordnance l i f e  e x t e n s i o n  
based on X - r a y i n g  i s  n o t  recommended; d e s t r u c t i v e  t e s t i n g  i s  t h e  o n l y  ac- 
cep tab  l e  techn ique.  
The Mk 6 l i f e  was s e t  a t  f i v e  c a l e n d a r  years, t h r e e  years  o f  which can  
be operat iona I. Refurb ishment  o f  t i m e r s  and b a t t e r i e s  i s  used; however, 
t h e  t e s t  sh i e  I d  l i f e  c a n n o t  be extended by re fu rb ishment .  The f i v e  year 
h e a t  s h i e  Id  l i f e  has been extended based on a c c e l e r a t e d  a g i n g  t e s t s  and 
a  TRW study. G. E. was n o t  i n v o l v e d  i n  t h e  l i f e  e x t e n s i o n  dec is ion .  
B a t t e r i e s  a r e  s t o r e d  d r y  u n t i l  p r i o r  t o  use. A ten-year s t o r a g e  l i f e  i s  
under e v a l u a t i o n .  USAF w i l l  be p e r i o d i c a l l y  t e s t i n g  b a t t e r i e s  i n  a d d i t i o n  
t o  t h e  "How Now" program. 
E l e c t r i c a l  d i s c o n n e c t s  can wear o u t  f rom r e m a t i n g  t o o  many t imes. L i f e  can 
be l i m i t e d  by des ign  wearout. Any h i g h  v o l t a g e  s w i t c h i n g  gear  can be c y c l e  
s e n s i t i v e .  
5. Document Obta i ned 
None 
6. A c t i o n  I tems 
Obta in  a  copy o f  t h e  ITPB c h a r t e r .  
7. Summary 
I t  was suggested t h a t  NASA m i g h t  s e t  up a n  a g i n g  r e v i e w  board t o  p e r f o r m  an 
AMEA t o  determine age c r i t i c a l  i tems and t o  i n t e g r a t e  a g i n g  c o n t r o l s  as 
i n d i c a t e d  i n  t h e  d i s c u s s i o n .  The c o g n i z a n t  component, system, and stage 
c o n t r a c t o r s  c o u l d  supp ly  t h e  necessary data. 
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1. Persons Making Tr ip  
L, W. T ip ton  MMC - Systems Engineering 
J. C. Du Buisson MMC - R e l i a b i l i t y  
R. Eilerman NASA -R-P&VE 
2 .  Persons Vi s i t ed  
R. B. Bussler  USNAC - System Effec t iveness  
F. S. Kirk USNAC - Q u a l i t y  Assurance 
J. Gurtowski USNAC - Mate r i a l s  Engineering 
3. Purpose of V i s i t  
The purpose of t h e  v i s i t  was t o  i d e n t i f y  and d iscuss  sundry 
a i r c r a f t  components which have a l i m i t e d  l i f e  due t o  
calendar  aging or  opera t ion  and t o  explore methods of 
extending t h i s  l i f e .  
4.  Discussion 
The Naval Aviation Command employes an "open ended" l i f e  
po l i cy ;  componentslsystems a r e  s t o r e d  o r  used u n t i l  
s u r v e i l l a n c e  t e s t s  i n d i c a t e  t h a t  degredat ion is impending 
o r  has occurred. The t e s t i n g  i s  accomplished by U.S. Navy 
q u a l i t y  eva lua t ion  l a b o r a t o r i e s .  There i s  no s p e c i f i c  
management d i r e c t i v e  on how t o  e s t a b l i s h  she l f  o r  ope ra t iona l  
l i f e .  Calendar age o r  ope ra t iona l  l i v e s  a r e  e s t a b l i s h e d  
on an ind iv idua l  b a s i s .  A component/system may not  be 
loaded aboard sh ip  unless  i t s  remaining l i f e  exceeds t h e  
du ra t ion  of t h e  s h i p ' s  mission. 
Refurbishment i s  employed t o  extend equipment l i v e s .  L i f e  l imi t ed  
equipment i s  re furb ished  wi th  improved components i f  poss ib l e .  
No c o s t  e f f e c t i v e  refurbishment s t u d i e s  have been conducted; 
t h e i r  philosophy i s  "fix-it-now" because they do not know 
where (what environment) t h e  a i r c r a f t  w i l l  be s e n t  next .  
L i f e  saving devices a r e  t e s t e d  each year  and t h e i r  l i v e s  
extended f o r  a  one year  per iod .  Guidance and con t ro l  equipment 
have open ended l i v e s ;  they a r e  t e s t e d  whenever o f f  loaded. 
Af ter  a  s e r v i c e  l i f e  of about f i v e  yea r s ,  the  l i v e s  of 
ordnance devices a r e  usua l ly  extended by two o r  t h r e e  year 
per iods  a f t e r  passing l o t  performance t e s t s .  Marginal 
t e s t i n g  i s  not employed t o  es t imate  equipment l i f e .  
Eighteen (18) months i s  t h e  longest  t ime allowed between 
major a i r c r a f t  overhaul and inspec t ion .  
A ma te r i a l  acce le ra t ed  aging program i s  conducted i n  p a r a l l e l  
with t h e  su rve i l l ance  program t o  b e t t e r  es t imate  age l i m i t s  
of c r i t i c a l  ma te r i a l s .  The August 1968 i s sue  of I n s t a l l a t i o n  
Magazine p resen t s  a  paper on t h e i r  acce le ra t ed  aging techniques 
on polymers. 
Data i n d i c a t e s  t h a t  v i b r a t i o n  i s o l a t o r s  d e t e r i o r a t e  i n  a 
r e l a t i v e l y  shor t  time i f  cons t an t ly  loaded and under v i b r a t i o n .  
The load should be removed from v i b r a t i o n  i s o l a t o r s  during 
s to rage .  
It was s t a t e d  t h a t  it i s  b e s t  t o  leave  hydraul ic  systems a lone  
a s  long as they func t ion  s a t i s f a c t o r i l y .  The USN f a c i l i t y  
a t  Sea l  Beach t e s t s  hydraul ic  f l u i d  samples f o r  s p e c i f i c a t i o n  
compliance; contamination i s  t h e  primary problem a r e a .  
Tes ts  i n d i c a t e  t h a t  Viton B s e a l s  do not swell  more than  3 
t o  4% and t h e  maximum compression s e t  i s  10%. Buna N has 
a  6  t o  8 year  she l f  l i f e ;  they a r e  spot  checked a t  e ighteen  
(18) month i n t e r v a l s .  Neoprene p resen t ly  has not an apparent  
s h e l f  l i f e ,  l i m i t .  
Analyses of l ub r i can t s  i s  employed extens ive ly  t o  a s c e r t a i n  
i f  t h e  i tem being lub r i ca t ed  i s  d e t e r i o r i a t i n g  a s  ind ica t ed  
by metal ch ips ,  e t c .  The lub r i ca t ed  i tem is withdrawn from 
se rv ice  f o r  inspec t ion  i f  t h e  lub r i can t  a n a l y s i s  i s  negat ive.  
This technique has saved many a i r c r a f t  engines. 
D i f f i c u l t y  has  been experienced wi th  polyurethane p o t t i n g  
r u n n i n g  a f t e r  about 18 months due t o  temperature and 
humidity condi t ions .  A t h r e e  t o  f i v e  year  maximum l i f e  
has  been est imated from acce le ra t ed  aging t e s t s .  Complete 
degredat ion accurred a t  t e s t  temperatures of 150'~. Because 
of h y d r o l i t i c  i n s t a b i l i t y ,  degredat ion has occurred a t  
c o n t r o l l e d  750F and 50% R.H. The USAF is  c u r r e n t l y  r ep lac ing  
a l l  polyurethane po t t ing .  This  problem a r e a  f i r s t  occurred 
about 1962. Because some of t h e  p o t t i n g  f a i l u r e s  do not  appear 
e x t e r n a l l y ,  hypodermic needles a r e  employed t o  o b t a i n  
i n t e r n a l  samples of the  p o t t i n g  ma te r i a l  fo r  t e s t .  
Additional suggested data sources are: 
a. Naval Weapons Center (NWC), China Lake, California, 
Contact Mr. Crill Maples at 375-1411 extension 9252. 
NWC is studying the actual environments throughout 
the world and attempting to correlate the environmental 
effects upon weapons at one location with those at 
another. 
b. Navy facility at Indian Head. Propellant age limits 
by components are available from their Solid Propellant 
Information Analysis (SPIA). Contacts are Dr. Bartoca 
and Dr. Tuono. 
c. Fleet Missile Life Group (FMLG) of the Fleet Missile 
System Analyses and Evaluation (FMSAE) Unit at Corona, 
California. They have computerized data for all Navy 
Missile firings. 
5. Documents Obtained 
Howard C. Schafer Environmental Criteria Determination 
For Air-Launched Tactical Propulsion Systems, Part 2. 
Technical Support for Stockpile- To - Target Sequence, 
NWC TP 4464, July 1968. 
6. Action Items 
Obtain a copy of paper on accelerated aging techniques on 
polymers in Installation Magazine, August 1968. 
The U.S. Naval Aviation Command employs surveillance 
techniques to determine and control age limited equipment 
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1. Persons Making Tr ip  
R. N .  Eilerman NASA/MSFC - R-P&VE 
J. C.  DuBuisson Martin Mar ie t t a  Corporation - Systems Engr. 
L .  W .  Tipton Martin Mar ie t t a  Corporation - Systems Engr. 
2 .  Persons Vis i ted  
0 .  D. Bruno BRL - Surve i l l ance  R e l i a b i l i t y  
P. DeAngelus BRL - Chemist 
3 .  Purpose of Trip 
The purpose of t h i s  v i s i t  was t o  d i scuss  methods of measuring the  degrada- 
t i o n  of ordnance components and extending t h e  l i f e  of these  components. 
4 .  Discussion 
The su rve i l l ance  r e l i a b i l i t y  group a t  t h e  B a l l i s t i c s  Research Lab (BRL) 
has the  primary r e s p o n s i b i l i t y  wi th in  t h e  Army Ordnance Comand f o r  
s e t t i n g  up and monitoring s u r v e i l l a n c e  programs f o r  ordnance items. 
General ly,  the l i f e  of these  items i s  considered t o  be open ended and 
t h e  condi t ion ,  including any degradat ion,  i s  monitored by p e r i o d i c a l l y  
t e s t i n g  r e p r e s e n t a t i v e  samples of t h e  t o t a l  populat ion.  No at tempt i s  
made t o  t rack  ind iv idua l  l o t s  o r  ba tches .  This  approach has  been used 
by BRL f o r  twenty-five yea r s  and i t  i s  f e l t  t h a t  i t  f u l f i l l s  t h e i r  needs. 
When a  system becomes ope ra t iona l  a  s u r v e i l l a n c e  program i s  s e t  up 
a .  Based on s p e c i f i c a t i o n  and s u p p l i e r ' s  information,  a n  i n i t i a l  
l i f e  i s  e s t ab l i shed .  This a l s o  e s t a b l i s h e s  the  time t o  s t a r t  
su rve i l l ance  t e s t i n g .  
b .  Provisions a r e  made f o r  a  cont inuing  phys ica l  p r o p e r t i e s  t e s t  
program t o  be run  by BRL chemistry l ab .  
c .  The BRL engineering group de f ines  the  t e s t  program which in-  
cludes:  
sample s i z e  
t e s t  i n t e r v a l  
source of t e s t  samples 
method of t e s t i n g  
al lowable degradat ion 
R i p  Report 11- 24 
Page 2 
d.  This program i s  assigned t o  an a r s e n a l  f o r  implementation. 
e .  Data a r e  gathered from a l l  t r a i n i n g  f i r i n g s  t o  inc lude  age,  
range, m i s s  d i s t a n c e ,  and environment. 
f .  E l e c t r i c a l  and e l e c t r o n i c  components a r e  t e s t e d  i n  the  a re sena l  
labs .  
8 .  Resul t s  of a l l  of t h i s  t e s t i n g  i s  re turned  t o  BRL f o r  eva lua t ion  
and a c t i o n  a s  requi red .  
A program of t h i s  type i s  being run on the Honest John m i s s i l e .  This 
m i s s i l e  s t a r t e d  with a  pro jec ted  l i f e  of f i v e  years .  This l i f e  has now 
been extended t o  twelve yea r s  but  degradat ion i n  b a l l i s t i c  parameters 
during t h i s  time has  made i t  necessary t o  r e v i s e  the  b a l l i s t i c  f i r i n g  
t a b l e s .  
Double base p rope l l an t s  have shown no apparent  degradat ion f o r  t e n  yea r s  
but  a t  t imes the re  seems t o  be a  decrease i n  s p e c i f i c  impulse and h e a t  of 
explosion and an inc rease  i n  t e n s i l e  s t r e n g t h .  
Composite p rope l l an t s  (polysulphides)  showed no apparent  change f o r  t e n  
years  but  Sargeant rocke t s  twelve yea r s  old have shown some changes i n  
b a l l i s t i c  parameters.  
Some acce le ra t ed  aging t e s t i n g  has  been done on p rope l l an t  samples. On 
polysulphides,  i t  i s  f e l t  t h a t  t h i s  w i l l  show chemical changes bu t  w i l l  
provide l i t t l e  information on phys ica l  composition. It i s  f e l t  t h a t  i t  
i s  not  poss ib l e  t o  meaningfully c o r r e l a t e  acce le ra t ed  aging t e s t  r e s u l t s  
with a c t u a l  aging. 
There has been some work done with D i f f e r e n t i a l  Thermal Analysis  (DTA) 
and it i s  be l ieved  t h a t  t h i s  could be developed i n t o  a  u s e f u l  t o o l  f o r  
d e t e c t i n g  changes i n  organic compounds. Some DTA t e s t i n g  has  been done 
on syn the t i c  rubber '0' r i n g s  twelve yea r s  old.  No changes were de tec t ed ,  
however, t h i s  t e s t i n g  was not  followed up by o t h e r  t e s t i n g  on these  ' 0 '  
r i ngs .  
There has  been some degradat ion t o  explosive br idge  wire  u n i t s .  This was 
t raced t o  cor ros ion  a t  t h e  welds due t o  moisture t h a t  leaked i n .  
5. Documents Obtained 
None 
6.  Action Items 
MMC t o  g e t  from BRL a  bibl iography of t h e i r  r e p o r t s  and review f o r  usable  
da ta .  
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7 .  Sumarv 
The primary e f f o r t  of t h i s  organiza t ion  has been su rve i l l ance  t e s t i n g  t o  
i d e n t i f y  and evalua te  degradat ion.  This technique has  proven s a t i s f a c t o r y  
f o r  t h e i r  requirements.  
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P. 0 .  BOX 241 
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1. Persons Making Tr ip  
R .  N. Eilerman NASA~MSFC R-P&VE 
J. C. DuBuisson Mart i n  Mar ie t t a  Corp . - Systems Engr . 
L. W. Tipton Mart in Mar ie t ta  Corp. - Systems Engr. 
2 .  Persons Vi s i t ed  
T. B. Wilson Thiokol-Program Manager 
R .  M. Brownell Thiokol-Chemist 
W .  G. Andrews Thiokol-Engineer ing  
R .  P. Gallant  Thiokol -Engineer ing  
E. Oostrem Thiokol-Program Off ice  
3 .  Purpose of V i s i t  
The purpose of t h i s  v i s i t  was t o  d i scuss  t h e  problems encountered 
with degradat ion due t o  aging of small rocket  motors, methods of 
measuring t h i s  degradat ion and methods used t o  extend she l f  l i f e .  
4.  Discussion 
Thiokol-Elkton provides t h r e e  motors used on the  Saturn Vehicle.  
A.  SIC r e t r o  motor (TEM-424) which i s  supplied t o  Boeing. Eight  
a r e  used per  launch v e h i c l e .  
B. S I I  r e t r o  motor (TEM-294) which i s  supplied t o  McDonnell-Douglas. 
Four a r e  used pe r  launch veh ic l e .  This  p a r t i c u l a r  motor has  
been produced a t  Elkton f o r  s eve ra l  yea r s  f o r  t h e  A i r  Force and 
i s  known a s  t h e  Rec ru i t .  
C.  Tower j e t t i s o n  motor (TEM-380) which i s  supplied t o  North 
American Rockwell. One motor i s  used f o r  each f l i g h t  opera t ion .  
Each of t h e s e  motors was supplied w i t h  a two year  shelf  l i f e .  
Since o r i g i n a l  purchase t h e  shelf  l i f e  of t h e  SIC r e t r o  motor has been 
extended t o  four  yea r s  and the  shelf  l i f e  of t h e  tower j e t t i s o n  motor 
has  been extended t o  f i v e  yea r s .  In  both  cases ,  t h e  b a s i s  f o r  t h i s  
ex tens ion  has  been a review of t h e  r e s u l t s  of f i r i n g  t e s t s  of s imi l a r  
motors i n  t h i s  age b racke t .  
Negotiat ion i s  proceeding a t  p re sen t  t o  extend t h e  s e r v i c e  l i f e  of t h e  
S I I  r e t r o  motor (Recrui t ) .  Thiokol has  recommended t h a t  t h i s  l i f e  
be extended t o  four  yea r s  based on t h e  fol lowing d a t a .  
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A. The M18 rocket  motor which has  a s i m i l a r  p rope l l an t  composition 
was supplied t o  t h e  A i r  Force, o r i g i n a l l y  had an assigned f i v e  
year  l i f e .  A t  the  end of t h i s  per iod ,  t e n  motors were re turned  
t o  OOAMA. They were inspected,  X-rayed, temperature conditioned 
and s t a t i c  f i r e d  a t  e i t h e r  + 1 7 0 9 ,  + 7 0 9 ,  o r  - 4 0 9 .  There 
were no i n d i c a t i o n s  of u n s e r v i c e a b i l i t y  by v i s u a l  inspec t ion  or  
X-ray. The b a l l i s t i c  performance d a t a  were we l l  w i th in  speci-  
f i c a t i o n .  Based on t h i s  t e s t i n g ,  t h e  s e r v i c e  l i f e  was extended 
t o  seven yea r s .  
B. The M-46 motor which has  s imi l a r  p rope l l an t  composition was 
supplied t o  t h e  A i r  Force f o r  use i n  an a i r  t o  a i r  m i s s i l e .  
Two yea r s  a f t e r  o r i g i n a l  procurement, a su rve i l l ance  program 
was o r ig ina ted  a t  OOAMA. Every yea r ,  a sample from t h e  t o t a l  
inventory i s  re turned  t o  OOAMA, inspected and f i r e d .  Based on 
t h e  r e s u l t s  of t hese  f i r i n g s ,  t h e  l i f e  of t h e s e  motors has  been 
extended t o  t e n  yea r s .  
C. Extensive t e s t i n g  has  been done a t  t h e  Redstone Divis ion  of 
Thiokol.  These t e s t s  i nd ica t e  t h a t  t h e r e  should be no degrada- 
t i o n  i n  polysulphide p rope l l an t s  f o r  a t  l e a s t  s i x  or  seven 
yea r s .  Useful l i f e  can be extended by p r o t e c t i n g  t h e s e  propel-  
l a n t s  a g a i n s t  de t r imen ta l  e f f e c t s  of atmospheric oxygen and 
moisture.  
D. F l i g h t  and t e s t  h i s t o r y  has  been accumulated on 54 Rec ru i t  
motors aged from 30 t o  74 months which were f i r e d  success fu l ly .  
No dec i s ion  has  been reached a t  t h i s  t ime on t h i s  l i f e  ex tens ion .  
The s u r v e i l l a n c e  program f o r  t h e  tower j e t t i s o n  w a s  d iscussed .  
Th i s  motor i s  poured i n  ba tches  of s i x .  A t  t h e  same t ime,  twelve 
f ive - inch  cen te r  p e r f o r a t e  (5" Cp) s c a l e  motors a r e  poured and 
t e n s i l e  and p e e l  specimens a r e  prepared. One motor i s  f i r e d  f o r  
ba t ch  acceptance and two 5"Cp motors a r e  f i r e d  t o  provide b a s e l i n e  
d a t a .  I f  t h e  ba tch  acceptance t e s t  i s  s a t i s f a c t o r y ,  t h i s  l eaves  a 
l o t  of f i v e m o t o r s  a v a i l a b l e  f o r  ope ra t iona l  use .  When one of t hese  
motors i s  se l ec t ed  f o r  use  on an Apollo mission,  two 5"Cp motors 
from t h e  same ba tch  a r e  f i r e d  and t e n s i l e  and p e e l  t e s t s  a r e  run  on 
specimens from t h i s  ba tch .  Based on these  t e s t s ,  t h e  motor i s  
approved f o r  f l i g h t .  I n  d i scuss ing  t h e  v a l i d i t y  of t h i s  program, 
it was pointed out  by Thiokol t h a t  t h e r e  i s  some doubt about  t h e  
c o r r e l a t i o n  of r a t e  of degradat ion between t h e  5"Cp motors and the  
f u l l  s c a l e  motors. They would l i k e  t o  inc lude  some f u l l  s c a l e  motor 
f i r i n g s  i n  t h i s  su rve i l l ance  program. Also, t h e r e  i s  some doubt 
about  t h e  v a l i d i t y  of t h e  d a t a  from t h e  t e n s i l e  and p e e l  specimens. 
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Survei l lance  programs of t h i s  type a r e  not  being conducted on t h e  
SIC r e t r o  motors or  t h e  S I I  r e t r o  motors. 
Several techniques f o r  i d e n t i f y i n g  and measuring degradat ion  were 
discussed.  
A.  Peel  and shear t e s t s  should be used t o  measure i n t e r f a c e  de- 
gradat ion ,  e.g., p rope l l an t  t o  case .  
B. Radiographic in spec t ion  i s  be ing  used bu t  i s  not  completely 
s a t i s f a c t o r y  on t h e s e  motors s ince  t h e  case  i s  changing r a p i d l y  
i n  c r o s s  sec t ion  i n  t h e  c r i t i c a l  a r eas .  
C .  Cross l i n k  d e n s i t y  t e s t i n g  which i s  a measure of t h e  inc rease  
of polymeric c r o s s  l i n k s  with time should i d e n t i f y  c h a n g e s i n  
propel lan t  p r o p e r t i e s  . 
D. I n  a sealed motor, t h e  degradat ion of polysulphides should g ive  
off measurable q u a n t i t i e s  of gas, e .g. ,  anrmonia and d e p l e t e  
the  a v a i l a b l e  oxygen. Analysis  of t h i s  gas  could be a measure 
of degradat ion.  
E. L i t t l e  work has  been done a t  Thiokol wi th  micro t e n s i l e  t e s t i n g .  
It i s  f e l t  t h a t  it would be d i f f i c u l t  t o  c o r r e l a t e  t h e  r e s u l t s .  
The tower j e t t i s o n  motors a r e  purged wi th  n i t rogen  and shipped i n  
a sealed conta iner  wi th  a n i t rogen  atmosphere. Af ter  r e c e i p t  a t  
KSC they a r e  s tored  i n  a temperature and humidity c o n t r o l l e d  bunker.  
5 .  Documents Obtained 
Thiokol l e t t e r  No. SP/6230, dated 1 2  Septeuber 1968, s u b j e c t :  
~ a t u r n / R e c r u i t  Retro Motor-Storage L i f e  
6.  Action S ta tus  - None 
Shelf l i f e  of t h e  Thiokol motors discussed has  been extended by 
s i m i l a r i t y ,  t h a t  i s ,  by a review of f i r i n g  d a t a  from s i m i l a r ,  no t  
necessa r i ly  t h e  same, motors. The emphasis a t  t h i s  f a c i l i t y  i s  on 
f i r i n g  of f u l l - s c a l e  motors. 
1. Persons Making T r i ~  
W. B. Gizzie MMC Logistics 
M. G. Mueller, Jr. MMC Systems Engineering 
R. L. Graham NASA@% R-QUAL-QRR 
J. T. ~ ~ 1 1  NASA/MSFC PM-V-IU 
A. 0. Boyanton, Jr. NASA/MSFC PM-V-E 
2. Persons Visited 
R. Romero GD/C Atlas E/F Program Office 
W. D. Donnelly GD/C Atlas E/T Program Office 
R. M. Williams GD/C Atlas ED Systems Engineering 
S. Chamberlain GD/C LVP Systems Engineering 
R. W. Eichman GD/C Reliability Engineering 
R. D. Stoneburner DG/C Contracts 
3. Purpose of Visit 
To discuss Atlas program experience with limited life components and 
component recertification. 
4. Discussion 
Atlas vehicle component life limits are established by engineering 
judgment and based on the critical nature of the specific component. Vendor 
recommendations are usually followed. Requirements of ANA-BUL-438 are used 
for rubber goods. 
O-ring life limits are defined only for dynamic seals. 
The first portion of Atlas missiles (D model) refurbished for use as 
space boosters had all components refurbished as a matter of course. On 
recent programs (E & F models) no components are automatically refurbished 
and three components are automatically recertified: gyros, inverters 
(rotary), and umbilicals. Many components are modified to meet new mission 
requirements and are refurbished along with the modification work. Compo- 
nents are refurbished or replaced only as a corrective action for non- 
conforming operation identified during system or component recertification 
testing. MIL 5086 wire insulation became brittle and cracked. The appear- 
ance was bad but megger tests revealed no failures. Teflon insulated wire 
exhibited "cold flow" phenomenon in areas where bundles were doubled back 
and tied with a short radius bend. Copper was visible in the bend area. 
It was recommended that bundles not connected to equipment be supported 
in approximately normal position rather than be tied back. 
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4. Discussion (continued) 
E l e c t r i c a l  umbi l ica ls  have been r e l a t i v e l y  c lean ,  with occas ional  r e s idue  
success fu l ly  removed by cleaning.  Handling damage t o  t h e  o u t e r  s h e l l  has oc- 
curred.  Bendix bayonet type  connectors  have become loose  i n  t h e  s h e l l  a s  a  
r e s u l t  of many disconnect cyc le s ,  however no d i s c o n t i n u i t i e s  o r  o the r  f a i l u r e s  
have been a t t r i b u t e d  t o  t h i s  problem. 
No e l e c t r o n i c  equipment f a i l u r e s  have been a t t r i b u t e d  t o  age o r  s to rage .  
No con tac t  r e s i s t a n c e  problems have been encountered i n  the  motor dr iven 
power changeover switches. 
Retro-rocket motors o r i g i n a l l y  had a 2 year  l i f e .  This  has been extended 
t o  5 yea r s  as a r e s u l t  of a t e s t  program on 5 rockets .  The u n i t s  a r e  a l l  
X-rayed upon removal from s torage .  For a Conax pyrotechnic valve, it was 
found t o  be more economical t o  r ep lace  t h e  pyrotechnic device than  t o  conduct 
a t e s t  t o  extend its s t o r a g e  l i f e .  
L i f e  limits a r e  not e s t ab l i shed  f o r  p re s su re  v e s s e l s ,  s i n c e  l o g i c a l  limits 
(1000 cyc le s  o r  more) a r e  not  approached. 
Gyro r e t e s t  requirements were o r i g i n a l l y  based on acceptance s p e c i f i c a t i o n s .  
The r e j e c t  r a t e  was about 60% f o r  run-up time and d r i f t .  Analysis  of t h e  hard- 
ware and t h e  mission ind ica t ed  t h a t  t h e  run-up time could be doubled ( t o  125 
seconds) and d r i f t  allowance increased .  The r e j e c t  r a t e  dropped t o  11% and no 
system problems have r e s u l t e d  from t h e  increased  to lerances .  B a l l  bearing 
l u b r i c a t i o n  ( i n  t h e  s p i n  motors) w a s  t h e  f a c t o r  which a f f e c t e d  t h e  run-up time. 
Trimpots obtained dur ing  1963 through 1965 had a  s i l i c o n e  based s h a f t  
l ub r i can t .  The l u b r i c a n t  migrates  throughout t h e  i n s i d e  of t h e  t r impot  in-  
s u l a t i n g  t h e  wiper from t h e  r e s i s t o r .  The l u b r i c a n t  was changed (by t h e  manu- 
f a c t u r e r )  on u n i t s  a f t e r  1965. 
A l l  concepts  s t a t e d  i n  our  ques t ionnai re  have been u t i l i z e d  f o r  extending 
component l i f e .  
GD/C engineering opinion is t h a t  s to rage  does not a f f e c t  remaining oper- 
a t i o n a l  l i f e .  
No cos t  f a c t o r s  were a v a i l a b l e .  
Data has not been accumulated on t h e  condi t ion  of components which were 
modified o r  re furb ished .  
No s t a t e d  p o l i c i e s  o r  g u i d e l i n e s  e x i s t  f o r  a i d  i n  determining component 
l i f e .  Determination cons iders  mission requirements ,  s p e c i f i c a t i o n  requi re-  
ments, con t r ac t  i ncen t ives ,  e t c .  
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5. Documents Obtained 
a .  Written answers t o  Shelf Life Questionnaire. 
6. Action Items 
a.  MMC t o  ask GD/C for  i den t i f i ca t i on  number of Rocketdyne elastomer 
report mentioned during discussions. 
7. Summary 
Many of the  Atlas l imited l i f e  components a r e  modified t o  meet new 
mission requirements. No components a r e  refurbished except a s  a r e su l t  
of non-conformance during post-storage r e t e s t .  Life l i m i t s  a r e  sometimes 
based on a rb i t ra ry  or  judgment fac tors ,  ra ther  than t e s t  or  usage experience 
8. Special  Note 
Convair provided comments on the  Phase I report .  The pr incipal  effect  
of t h e i r  comments was t o  r e f l e c t  an increase i n  the time span of periodic 
inspections of the Atlas miss i les  a t  Norton AFB from 120 days t o  180 days. 
Detai ls  of the  comments w i l l  be provided t o  K. E. Riggs, R-TEST-ST. 
SURVEY TRIP REPORT 11-27 
NORTH AMERICAN ROCKWELL CORPORATION 
ROCKETDYNE DIVISION 
CANOGA PARK, CALIFORNIA 91304 
25 February 1969 
1. Persons Making Tr ip  
M. G. Mueller, Jr. MMC Systems Engineering 
W. B. Gizzie MMC Log i s t i c s  
A. 0. Boyanton, Jr. NASA/MSFC PM-V-E 
J. T. ~ ~ 1 1  NASA/MSFC PM-v-IU 
R. L. Graham NASA/MSFC R-QUAL-QRR 
2. Persons Vis i t ed  
M. Bensky 
E. A. Lamont 
C. A. Hauenstein 
J. L. Rosengard 
A. D. Lucci 
S. C. Nethery, Jr. 
E. J. Frey 
N. D. Sensenbaugh 
J. F. Robinson 
J. R. Cos te l lo  
L. E. Tomlinson 













Advance P r o j e c t s  
Marketing 
LM Ascent Engineer 
Mater ia ls  & Frocesses 
H-1 Systems 
F-1 P r o j e c t s  
R e l i a b i l i t y  
Thor Engine Systems 
Thor Engine Systems 
5-2 Engine Systems 
Control  
E l e c t r i c a n  & Instrumentat ion 
3. Purpose of V i s i t  
To d iscuss  s h e l f  l i f e  and l i f e  l i m i t a t i o n s  imposed on rocket  engines 
and components and t o  i n v e s t i g a t e  methods employed t o  e s t a b l i s h  and extend 
l i f e .  
4. Discussion 
Time remaining on engines is not a f f e c t e d  by storage.  Before f l i g h t ,  
engines a r e  subjec ted  t o  a func t iona l  checkout. Lox/RP t h r u s t  chambers 
develop p in  hole leaks .  Thor t h r u s t  chambers have a guaranteed l i f e  of one 
f l i g h t  (approximately 180 seconds) and a calendar l i f e  of 54 months. No 
p in  holes  o r  r u s t  have been de tec ted  during t h i s  period even with a func t iona l  
t e s t .  Engine l i f e  s t a r t s  a f t e r  engine acceptance on a DDZ5O by t h e  customer. 
Thor engines a r e  not s t a t i c  f i r e d  a f t e r  de l ivery .  Turbine l i f e  is c o n t r o l l e d  
by blade f a t igue  and i s  e s t a b l i s h e d  based on t e s t  experience. Thor t u r b i n e  
l i f e  is 2000 seconds inc luding powered f l i g h t .  
A s  a r e s u l t  of a 5-2 engine overhaul study performed about two yea r s  
ago, the  l i f e  on some components was increased from 5000 t o  5700 seconds. 
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4. Discussion (Continued) 
Component l i f e  ex tens ions  a r e  based on t e s t  r e s u l t s  and experience. The 
air fo rce  (SBAMA) has  extended t h e  l i f e  of  Thor block 1 engines t o  n ine  
yea r s  before overhaul.  Block 3 space launch veh ic l e  engines '  l i f e  is 
4% years .  Rocketdyne does not concur with t h e  n ine  year  l i m i t .  
Instrumentat ion c a l i b r a t i o n  d r i f t  does occur during s to rage  but no 
time per iod  c o r r e l a t i o n  has been e s t ab l i shed .  Rocketdyne does not  recom- 
mend ins t rumenta t ion  t ransducer  r e c a l i b r a t i o n  but recommends only a normal 
system checkout be performed a f t e r  s torage .  
H-1 engines have experienced no d e t e r i o r a t i o n  a f t e r  4-5 yea r s  s torage .  
Frequent checkout can cause wearout of t h e  equipment. The main propel lan t  
valve had a 1000 cycle  l i f e  l i m i t  but  because t h i s  is well  i n  excess of 
what t h e  valve would see  i n  a c t u a l  s e rv ice  t h e  l i f e  l i m i t  was abandoned. 
ANA-BUL-438 and MSFC-105 documents a r e  followed concerning elastomers.  
Rocketdyne does not  agree with l i m i t i n g  t h e  l i f e  of Viton A a s  per  MSFC 105. 
They f e e l  t h a t  i t  should have unl imited l i f e .  
Moly d i s u l f i d e  dry lube h i s t o r y  has  indicabed no corros ion  problems. 
MIL-G-7118 grease  is used i n  a d d i t i o n  t o  t h e  dry lube on gimbal bearings. 
Gimbal bear ings  do not r e q u i r e  r e l u b r i c a t i o n  f o r  54 months. Gear box pres- 
e r v a t i o n  has  been extended t o  54 months on t h e  space launch Thor engines. 
H-1 engine gear  box preserva t ion  has  been proposed t o  be extended t o  5 years 
and i t  was i n d i c a t e d  that t h e  F-1 w i l l  r e l y  on t h e  H-1 da ta  and experience. 
FS 1281 O-ring lube has d r i e d  out  o r  rubbed o f f  i n  t h e  FABU with 
repea ted  checkout and a f t e r  s t o r a g e  has caused problems with FABU. 
E l e c t r i c a l  harnesses  have posed no s t o r a g e  problems. Spr ing  re laxa t ion  
has not been a problem. Rocketdyne has  no s p e c i f i c  guide f o r  des igners  t o  
fol low as f a r  as designing f o r  long l i f e .  Mater ia l s  s e l e c t i o n  c o n t r o l  ex- 
e r c i s e d  dur ing  des ign  and experience a r e  t h e  major f a c t o r s  inf luencing  t h e  
design. Hardware is not designed t o  run beyond q u a l i f i c a t i o n  l i f e .  I m -  
proper  s t o r a g e  would a f f e c t  t h e  l i f e  remaining on the  engine. Pressure 
v e s s e l s  have posed no l i f e  problems because cyc le  l i f e  is well  beyond what 
ever  would be experienced i n  se rv ice .  
Hypergol i g n i t e r s  have a 2 year  l i f e  which can be extended 1 year  by 
weighing t h e  i g n i t e r .  The a i r  f o r c e  (OOAMA) has  e s t ab l i shed  a 5 year  l i f e  
on pyrotechnic i g n i t e r s .  The a u t o  i g n i t i n g  gas genera tor  f o r  H-1 i s  good 
f o r  1 year .  F-1 is i n v e s t i g a t i n g  5 year  l i f e  For i g n i t e r s .  Rocketdyne 
has  no age vs. r e l i a b i l i t y  s tudy da ta  a v a i l a b l e  but i nd ica t ed  t h a t  with 
200 Thor launches with 1-2-year-old veh ic l e s  with 40 t o  45-month-old engines 
t n e r e  were no f a i l u r e s .  
T r i p  Report 11-27 
Page 3 
4. Discussion (Continued) 
Time is recorded and maintained using the  AETO system and record book 
logs.  The l o g s  a r e  maintained by F i e l d  Engineering. 
Cost of a complete engine overhaul is almost 100% of c o s t  of new 
engine. Def in i t ions  used a t  Rocketdyne depended upon program and p ro jec t .  
5. Documents Obtained 
None 
6 .  Action Items 
None 
The time remaining on engines is not a f f e c t e d  by proper s torage.  No 
major problems were uncovered r e l a t i v e  t o k o r i n g  engines and components f o r  
extended periods. 
A t  t he  end of Paragraph 4, Discussion (Page 3) t h e  statement 
vas made t h a t  a complete engine overhaul cos t  almost 10096 of new 
engine cos t .  Rocketdyne has advised us t h a t  t h i s  w a 6  a s p e c i a l  case 
involving overhaul and conversion of Thor Block 1 engines t o  Block 3 
engines. A t  t he  time of the  survey meeting we were a l s o  t o l d  t h a t  
overhaul t o  the  usual  l e v e l  would cos t  i n  t h e  neighborhood of of 
new engine cos t .  We a r e  a l s o  advised t h a t  t h i s  f i g u r e  is somewhat 
high, and t h a t  25% is more accurate.  




26 February 1969 
1. Persons Making Trip 
W. B. Gizzie MMC Logistics 
M. G. Mueller, Jr. MMC Systems Engineering 
R. L. Graham NAsA/MSFC R-QUAL-QRR 
J. T. ~ u l l  NASA/MSFC PM-V-Iu 
A. 0. Boyanton, Jr. NASA/MSFC PM-V-E 
2. Persons Visited 
D. C. Baker 
J. E. Mueller 
J. Nevlns 
Conrac Process Engineering 
Conrac Process Engineering 
Conrac Gyro Engineering 
3. Purpose of Visit 
To discuss limited life aspect of gyros, accelerometer, pressure trans- 
ducers, and pressure switches. 
4. Discussion 
Conrac has not conducted any specific investigations o r  test programs 
concerning storage o r  aging characteristics of the components dismssed. 
These included gyros, pressure switches, pressure transducers, and 
accelerometers. The principle concern has been to verify operating life 
limits and design to meet age limits a s  specified by the buyer. 
The design approach is not stated in any policy o r  guideline documents, 
but includes concern for compatible materials, the stated environment, pro- 
tection agafnst contamination, etc. 
Gyro spin motors a re  ball bearing type. The operating life limit is 
1000 hours. This has been successfully accomplished after a s  much a s  5 t o  
6 years of storage. The limit is based on spin motor reliability. Storage 
may cause the bearing lube to migrate, but operation following storage will 
usually redistribute the lubrication adequately. 
No gyro float fluid problems have been encountered. No calendar life is 
imposed on gyros. 
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Absolute pressure transducers will shift depending on the leakage rate. 
A welded case unit, tested to micron, will shift about 1% in  ten years. 
Units utilizing organic sealing would leak more rapidly and also the sealing 
material would deteriorate with age. 
Pressure switch units have a cycle life dependent on the pressure 
involved, the type of operation, and the contact arrangement. Higher pressures 
result in lower cycle limits because of the mechanics of the bourdon tube. 
Slip ring and switch contact contamination which may occur during storage 
can often be removed by operation following storage. Operation during storage 
would reduce the magnitude of the problem. 
The opinion was expressed that components should be operated periodically 
during storage, however the discussion indicated that the operation was desirable 
more for gathering aging trend data than to benefit the components. 
The types of components supplied by Conrac can usually be refurbished. 
The cost of refurbishment was estimated a t  approximately 50% of new cost 
(as an average). 
No signfficant problems have been observed concerning aging characteristic, 
of wire insulation, conformal coatings, and plastic materials. 
The opinion was expressed that three years of storage would not affect 
operating time limits, and five years storage would probably not affect opera- 
ting time h i t s  to  a significant degree. 
5. Documents Obtained 
None 
6. Action Items 
None 
7. Summary 
Very little aging or  storage information has been accumulated by Conrac. 
Operating limits a r e  usually based on customer requirements and qualification 
tests. No significant storage or aging problems have been encountered. 
SURVEY TRIP REPORT 11-29 
MC DONNELL DOUGLAS CORPORATION 
MlSSILES AND SPACE SYSTEMS GROUP 
SANTA MONICA, CALIFORNIA 
26 February 1969 
1. Persons Making Trip 
M. G. Mueller, Jr. MMC Systems Engineering 
W. B. Gizzie MMC Logistics 
A. 0. Boyanton, Jr. NASA/MSFC PM-V-E 
R. L. Graham NASA/MSFC R-QUAL 
J. T. Bull NASA/MSFC PM-V-IU 
2. Persons Visited 
C. D. Haynes 
F. C. McJunldn 
R. A. Dixon 
MDA C Booster Requirements 
MDA C System Effectiveness 
MDA C Logistics 
3. Pumose of Visit 
To investigate and define Thor booster components that have shelf life 
and to determine how life was established and extended. 
4. . Discussion 
Copies of two Limited Life Items Specifications for Space Boosters 
were presented and discussed. The lists contain items like the Flight Contraller, 
H I  G - 4 Gyro, Timer, Rate Gyro and Inverter which have operating time and 
calendar life limits and numerous other components whose life is limited due to 
rubber goods. Initially times were established by the engineering rule of thumb 
method and over the years have been revised and verified by experience in 
field. Times have also been established by Customer direction and based on 
program requirements. Calendar times have been increased eg. gyros increased 
from 18 months to  36 months based on field experience. No additions or deletions 
have been made to these lists. It is felt that column C, Useful Life (Replacement 
Schedule) times are very conservative in some cases, eg. the timer is listed a s  
36 months, RCA who builds the timer maintains that it is good for 5 years. 
Over 400 Thor vehicles have been built and rebuilt. Vehicles stored for 
up to 2 years at Norton A. F. B. have been reconditioned and flown. Many com- 
ponents on these vehicles were rebuilt and inspection and rework documentation 
exists covering the discrepancies found and the amount of rework required. 
These records, however, a r e  not readily available and would require much 
effort to extract any useful information. 
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Bulletin 438A is used for life determination of rubber goods used on the 
Thor. It was felt that relief valves and high pressure hoses should be added 
to our categories of time sensitive components, question C 4, for safety reasons. 
In the past A i r  Force control of life limited hardware was more stringent 
than NASA controls on the Thor program but now a limited life list also exists 
for the Delta vehicles. 
The 65% cost factor is used for determination of scrap or refurbish 
requirements. 
A vibration testing program has been started to detect failures. A prowus 
to f i l l  Bendix electrical connectors with epoxy material has been developed which 
is aaid to improve connector reliability. No epoxy bonds or sealant probIems 
have been experienced on the Thor program. 
5. Documents Obtained 
a. Specification No. St-Des 0011 Limited Life Items Specification for 
DSV-2L1B Space Boosters dated 1 November 1967, 
b. Specification No. St-Des 0010 Limited Life Items Specification for 
DSV-2L-LA Space Boosters dated 1 November 1967. 
c. 2 LlA Reliability, Overall Rankings. 
6. Action Items 
None 
7. Summary 
Documents and information obtained will  be useful for comparison with 
other programs. There have been no unusual problems concerned with Thor 
storage or compohent life. 
SURVEY TRIP REPORT 11-30 
TALLEY INDUSTRIES 
MESA, ARIZONA 
28 February 1969 
1. Persons Making Trip 
W. B. Gizzie MMC Logistics 
M. G. Mueller, Jr. MMC Systems Engineering 
J. T. Bull NASA/MSFC PM-V-IU 
A. 0. Boyanton, Jr. NAsA/MSFC PM-V-E 
2. Persons Visited 
A. L. Pittinger 
J. Pietz 
C. Haff 
E. F. Garner 
T. Ryan 
Talley Director of Research 
Talley Head, Propellant Research 
Talley Head, Applied Research Divfsion 
Talley Staff Chemist 
Talley Engineering 
3. Purpose of Vis i t  
To discuss life limits and aging characteristios of ordnance devices. 
4. Discussion 
Talley Industries produces a variety of ordnance activated devices including 
rocket catapult escape systems for aircraft, latching and unlatching devices, rotating 
devices, arming devices, and valve actuation devices. They use the term "ballistic 
devices" to describe the product line. They have supplied components o r  systems 
to the Mercury, Gemini, and Titan systems to  name a few. Talley produces the 
propellant and many of the mechanical devices involved, however they purchase 
most of the initiator or ignition components. 
Storage time limits a r e  usually controlled by the extremes of the operating 
environmental requirements. That is, the degradation is usually a reduction in 
performance at  the extreme temperature requirements (usually - 65OF to +180°~.) 
Storage surveillance programs supply the bulk of the statistical data which 
is used in setting storage time limits. Overall reliability of the system or com- 
ponent is the principle concern, rather than reliability of the individual parts. 
Accelerated aging tests a r e  used to aid in confirming We limits. 
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Most of the devices have a three-year life, however some have been 
extended to  five years. Talley feels that propellant compounds generally are  
more age stable than the igniter elements. They use hot wire or percussion 
igniters usually. They do not furnish EBW igniters, however some devices 
a r e  furnished without the igniter. 
X-ray is performed on all items returned for aging tests, however 
few problems have been revealed by this method. Aging degradation may not 
show up on X-ray. They feel that X-ray is more important for examining 
rocket motors. 
No storage problems have been encountered with the mechanical 
devices. 
Talley feels that optimum storage conditions for ordnance devices are  
+lO°C to +200C at 30% relative humidity. Storage in an inert atmosphere is 
helpful (argon or nitrogen). Operational life is affected by storage, since 
chemical changes continue during storage. A s  stated previously, the effect 
on operational life appears first at the extremes of the required operational 
. -
environment. Degradation after three years exposure to service environ- 
ment (aircraft applications) has averaged about 10% based on performance 
during aging tests. This performance is usually within qualification test 
limits. 
Many of the devices can be renewed by replacing the igniter element 
and/or propellant. Average cost was estimated at  25% to 50% of cost of new 
device. 
5. Documents Obtained 
None 
6. Action 1tems 
None 
7. Summary 
Controlled storage is beneficial in extending life of ordnance components, 
however testing o r  refurbishment a r e  the only valid methods of extending stated 
limits. Most devices have a three o r  five-year life limit. 
SURVEY TRIP REPORT 11-31 
AIR FORCE LOGISTICS COMMAND 
WRIGHT PATTERSON A. F. B. 
4 March 1969 
1. Persons Making Trip 
L. W. Tipton MMC Systems Engineering 
J. C. DuBuisson MMC Reliability 
2. Persons Visited 
Harold E. Seewer AFLC Aeronautical Equipment 
John S. Bauer AFLC Fluid & Hydraulic Components 
Ralph Corwin AFLC Transportation 
3. Purpose of Trip 
The purpose of the tr ip was to  discuss sundry aircraft components which 
have limited life due to calendar aging or  operation and to explore ways and 
means of extending their lives. 
4. - Discussion 
The five Air Material Areas (AMA) of USAF use the technical order (TO) 
20K series for inspection and age control of about 9000 line items. i DOD 
controls about 40,000 line items. AMA monitors all the TO'S affecting the line 
items for which they a r e  responsible. Type I TO'S define and limit the shelf 
lives in years or  cycles. Type 2 TO'S allow life extension by test or  analysis. 
A tabulation of the sundry AMA's respondibilities follows: 
a - AMA NO. LINE ITEMS RESPONSIBILITIES 
00-20K-4 WRAhX.4 2200 Guns, Fire Control 
00-20K-6 OCAMA 300 Hyd. Units, Fflters 
00-20K-7 OOAMA 2500 Missile Parts 
00-20K-8 SAAMA 3 000 O-rings, Parachutes 
00-20K-9 SMAMA 500 Missile Parts 
Similarity is sometimes used a s  a basis for establishing the lives of new 
items. Also failure rate data is used to determine if an age limit is required. 
Inspection is sometim s used to extend item lives. Age controlled items a re  
stored separately for better management control. 
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Cost guides have been established to help determine disposition of over 
age items. If the line item (not per unit) cost exceeds $15.00, tests must be 
conducted to  determine if the line item life can be extended. However, the 
cost of extending a line item life cannot exceed 65% of the original cost unless 
the item is in critical demand. If a line item costs more than $9.99 ($24.99 
overseas) and has reached its age limit, a disposition must be determined - 
i. e., the item is not automatically discarded. 
The following documents were recommended a s  possible references: 
1. DOD Instruction 4140.27, Identification, Control and Utilization 
of Shelf Life Items, September 12, 1968. 
2. AFLCM 66-2, Time Replacement Program 
In addition, a report on a DOD study to  review the entire age control 
program should be completed by July 1969 by the Camden Station at  Alexandria, 
Virginia. 
Experience at  AFLC suggests that: 
1. One person (or committee) control a l l  age limits. 
2. A ?Twhy" statement should accompany each age limitation. 
3. Avoid setting item lives by broad categories. 
5. Documents Obtained 
a. AFLC Regulation No. 65-23, Age Controls for Property in Storage. 
b. ANA Bulletin 4380, Age Controls of Age - Sensitive Elastomeric Items 
6. A dion Items 
Obtain a copy of AFML-TR-67-235, Literature Survey on the Effects of 
Long Term Shelf Aging on Elastomeric Materials, WPAFB, R. H. House (MAE)  
and R. T. Hedrick (MANE). 
7. Summary 
See discussion paragraph. 
SURVEY TFUP REPORT II-32 
B& GOODRICH RUBBER COMPANY 
AEROSPACE & DEFENSE PRODUCTS DIVISION 
AKRON, OHIO 
5 March 1969 
1. Persons Making Trip 
L. W. Tipton . MMC Systems Engineering 
J. C. DuBuisson MMC Reliability 
2. Persons Visited 
W. E. ScNag Goodrich Sales Engineer 
K. Paige Goodrich Chemist, Compounder 
3. - Purpose of Trip 
The purpose of the tr ip was to discuss sundry rubber products which have 
limited life due to calendar aging or operation and to explore ways and means 
of extending lives. 
4. Discussion 
Since all polymer seal materials cold flow to some extent, it was recom- 
mended that seals not be tightened-up until just prior to service. Adverse 
environments such as  ozone and ultra-violet have less  effect if the elastomer 
is relaxed during storage. Elastomers wffl cold flow even after retorquing 
the seal. Springs have been placed behind bolts to ensure a constant pre-stress 
a s  the elastomer cold flows. 
In general, accelerated aging tests a re  not acceptable. However, accelerated 
aging data of elastomers exposed to steam has been correlated with natural weather 
aging data. Accelerated aging data of elastomers exposed to hot a i r  is not correla- 
teable with natural age data. A computer program to correlate aging parameters 
using test data has not been too successful. 
Some batches receive 100% inspection. A batch usually weighs 200 to  300 
pounds. There is a tendancy for the distribution of ingredients to level out; 
however, it is impossible to be certain that the last of a batch is the same a s  the 
first  of the batch. There is little data available to compare elastomer character- 
istics after service aging with those of the original batch. 
Trip Report 11-32 
Page 2 
It was suggested that a quantity of a batch be set aside for periodic age 
testing. The lives of F-111 elastomers have been extended after tests of 
overage components indicated they were stffl satisfactory. Differential thermal 
analysis is used primarily i n t i e  c~mpounding at  Goodrich, not for seals. 
Goodrich manufactures the bulk material for O-rings, not the O-rings. 
Keep O-rings lubricated or let the O-rings see the lubricant when installed. 
Be careful of changing the environment to which a seal has been qualified. For 
example, one seal deteriorated rapidly when a cooling lubricant on one side of 
the sea1 was changed to air .  
In specifying cures, the following should be considered: 
a. A lo°F variation in the cure temperature of a fast cure (10 minutes) 
co.dd cbange material characteristics substantually, however. 
b. A 1 0 ' ~  variation in the c-ne temperature on a long cure (hours) 
doesn't affect material characteristics materially. 
c. Viton A&B and silicones properties a re  sensitive to post curing 
treatment. Volatiles a re  driven off chanpag properties. 
Source inspection at  the factory was recommended to eliminate damage 
from receiving inspection at  the customer's facility. Store in a 0001 f40°~), dry, 
dark environment. Keep silicone components separated because they adhere t o  
themselves . 
5. Documents Obtained 
None 
6. A ction Items 
None 
See discussion paragraph. 
. SURVEY TRIP REPORT NO. 11-33 
OGDEN AIR MATERIEL AREA 
HILL AIR FORCE BASE, UTAH 
6 March 1969 
7 March 1969 
1. Persons Making Trip 
H. Smyly NASA/MSFC R-P&VE 
J. C. DuBuisson MMC Systems Engineering 
L. W. Tipton MMC Systems Engineering 
2. Persons Visited- 
D. F. Woods OOAMA OOYEGL 
K. Barney OOAMA OOYECP 
H. Matticks OOAMA OONER-T 
R. Dulle TRW OONER 
Lt. D. Roberts OOAMA OONE RM 
Capt. J. A. Levitsky OOAMA OONE RM 
C. Barnes OOAMA 
J. Muhl MMC 
E. Barker OOAMA OONERM 
3. Discussion 
The surveillance program for the small rocket motors used on the Titan I1 
weapons system was discussed in detail. Every six months, five units of each 
motor a r e  picked a t  random for test. The following inspections and tests are 
run on each article. 
1. Visual inspection 
2. X-ray inspection 
3. Vibration equivalent to the vibration run during original qualification 
4. Electrical check of igniters 
5. Instrumented firing at simulated altitude 
The altitude firing is  done a t  Arnold Space Center. All other tests are  per- 
formed at Hill A. F. B. Data from these t e s t : ~  a r e  compared, by lot, with the 
original acceptance data and with data acquired from earlier surveillance testing. 
Regression analysis is  being used to predict future life. Comparisons between lots 
have been made. There is apparently little difference in  aging characteristics 
from lot to  lot. 
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Based on this testing the Titan II vernier rocket motor, which is loaded with 67 
lbs. of TP-03129 propellant, has been assigned a service life of 93 months and the 
Titan I1 retro motor, which is lcaded with 4.6 lb. of TP-H-8009 propellant, has been 
assigned a service life of 78 months. It is expected that future testing wffl make it 
possible to further extend the service life of both of these units. 
In addition to this program, a Differential Thermal Analysis (DTA) study has 
recently been started a t  MMC on contract to  OOAMA. Results of this study a re  not 
available a t  present. 
Pressure cartridges are  normally assigned a three year life. At the expiration 
of this period a surveillance program is started. Thirty-three samples a r e  tested each 
year. There has been some apparent change in pressure in bomb tests but not sufficient 
to make the cartridge unusable. 
This agency is responsible for two large polysulphide boosters, the Mace booster 
and the Bomarc B motor. Based on surveillance programs similar to those discussed 
earlier in this report, the Mace booster has been extended to 120 months and the Bomarc 
B booster has been assigned an indefinite service life. 
A study is in progress to investigate the possibility of reloading Bomarc booster 
cases if it becomes necessary to reprovision this item. Propellant was removed from 
several cases and they have been reloaded. Tests run on the reloaded booster have 
been satisfactory. It is felt that significant savings can be obtained in this manner. 
Tests on two silver oxide-zinc ordnance actuated batteries used on the Minute 
Man indicates that there is a constant battery voltage drop of 0.25 volts per year. 
Sixty-five month old batteries have been tested and a service life of 120 months has 
been assigned these batteries contingent upon continuation of the surveillance program. 
An extensive program is in progress a t  this faolllty to  measure aging of non- 
metallic materials using change in molecular and crystalline structure a s  the criteria. 
Changes in crystalline symmetry of polyurethane with age and when exposed to a high 
temperature and humidity environment were measured using X-ray diffraction technique. 
It was found that it was pos-sible to correlate changes in lattice spacing with degradation, 
in fact changes in crystalline structure could be measured before gross physical degra- 
dation was apparent. This and similar techniques a r e  now being applied to other 
materials. Results of these studies wffl be supplied a s  they become available. 
The reliability organization responsible for  the Minute Man system suggests 
that an aging study should include the following steps: 
1. The system should be reviewed to select those items that affect the 
success of the mission and warrant study. 
C-95  
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2. An aging sensitivity analysis should be performed to determine age 
sensitive materials, high loading within the component and interfaces 
that can accelerate degradation. 
3. Techniques for measuring the aging of materials, etc. should be reviewed 
and used where appropriate. When possible, accelerated aging tests 
s h o ~ l d  be designed. Examples of techniques presently available are: 
X-ray diffraction 
Electronic microscopy 
Differential thermal analysis 
Cross link density 
4. Provisions should be made for a surveillance program that can measure 
the change in performance with time of a specific serial number component 
o r  lot, making it possible to  perform a meaningful regression and trend 
analysis. 
5. Environmental affects should be simulated in the aging and testing where 
appropriate. 
5. - Documents Obtained 
A .  An Approach to Explosive Component Surveillance, OOAMA , Airmunitions 
Plan 00Y-P-68-1001 dated September 1968. 
B. Altitude Performance of Five Thiokol Chemical Corporation TE-345 
Titan Vernier Solid-Propellant Rocket Motors Having Ages Ranging 
from 73 to 75 Months, AEDC-TR-69-16 dated February 1969. 
C. Simulated Altitude Performance of Five Thiokol Chemical Corp. TE-344 
Titan 11 Retromotors Having Ages from 68 to 72 Months, AEDC-TR-69-43 
dated February 1969. 
D. Crystal Structure Changes in Elastomeric Polymers. I Polyurethane, 
Joseph A. Levisky and Clair W. Rogers. 
E. Curves Showing Effects of Aging on Delco Batteries and Bomarc Boosters. 
6. Action Items 
A. MMC to get from Capt. Levisky results of additional crystalline structure 
tests now in progress. 
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6. Action Item (Continued) 
B. MMC to get from D. F. Woods additional data on aging of Bom~rc and 
Mace Motors. 
7. Summary 
Several surveillance programs are being conducted at this facilities on 
components of the Titan II and Minute Man systems. In addition, attempts are 
being made to measure aging by examining changes in molecular structure. 
SURVEY TRIP REPORT NO. 11-34 
GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
BETHPAGE. L.I.. N.Y. 
15 April 1969 
1. Persons Making Trip 
William B. Gizzie Martin Marietta - Logistics 
Mark G. Mueller, Jr. Martin Marietta - Systems Engineering 
Eugene H. Fikes NASA~MSFC S&E -ASTR-GC 
Douglas J. Forsythe NASAfMSFC S&E-TEST-ST 
2. Persons Visited 
Stuart Weisberg 
John C. Gaglione 
Walter F. Frahm 
Joe Mule 
William Doyle 
John W. Fletcher 
GAEC - ~eliabi1ityfMaintainability 
Asst. Section Chief 
GAEC - APP Reliability 
GAEC - LM Reliability - Limited ~ife/Shelf Life 
GAEC - LM Reliability 
GAEC - Advanced Systems - Space 
GAEC - AAP Reliability 
3. Purpose of Visit 
The purpose of this visit was to discuss the Limited LifefShelf Life 
Programs conducted by Grummen for the LM and AAP programs and other 
programs. 
4. Discussion 
Grumman controls life sensitive components through two systems. "Shelf 
Life" control monitors items susceptible to calendar aging. The "Limited 
Life" program, monitors components susceptible to wear-out degradation 
due to operation. 
Both programs are administered by a single point of contact (a group within 
the Reliability and Maintainability Control Section of the Engineering 
Department). 
Data sheets are prepared for each component to the deliverable part level. 
Determination of the life limit, and the action to be taken when the 
limit is reached is based on vendor recommendation and engineering analysis, 
including experience data and mission considerations. Design, reliability, 
and NASA sign off on the data sheet. Purchased parts also require a data 
submittal which is reviewed by Materials and Reliability Engineers to 
assure proper inclusion in the component life programs. The single agency 
administration assures consistency among the various types of components. 
NO specific testing is conducted to obtain or verify life limit data at 
the component level. 
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4. Discussion 
Operating l i f e  l i m i t  milestones a r e  e s t a b l i s h e d  t o  c o n t r o l  opera t ing  
times a t  t h e  var ious  t e s t  l oca t ions .  The document l i s t i n g  t h e  equipment 
l i f e  and milestones has r e l eased  engineer ing  s t a t u s .  Changes may be 
made which a f f e c t  only one veh ic l e  e f f e c t i v i t y  a t  one milestone,  o r  any 
combination of equipment e f f e c t i v i t y  and mi les tones  a s  appropr i a t e  t o  
t h e  s i t u a t i o n .  
Analysis and t e s t  da ta  a r e  the  p r i n c i p l e  t o o l s  i n  changing l i f e  l i m i t s .  
The t e s t  da t a  involved a re  usua l ly  from r o u t i n e  t e s t  procedures.  Inspec-  
t i o n  da ta  may be use fu l  where contamination o r  cor ros ion  a r e  of concern. 
The s h e l f  l i f e  program terminates  f o r  some components a t  i n a t a l l a t i o n  i n  
a system. Other components a r e  monitored t o  launch. 
Operating times a r e  monitored by manually e n t e r i n g  event c lock  time i n  
t h e  procedure. Q u a l i t y  Control i s  r e spons ib le  f o r  maintaining component 
time logs and summary shee ts .  Some events  a r e  recorded on tape ,  however, 
these  d a t a  a r e  only used t o  back up t h e  manual e n t r y  system. Q u a l i t y  
Control  monitors i tems aga ins t  t h e  milestone l i m i t s .  
The admin i s t r a t ive  group monitors component s h e l f  l i f e  by a n  automated 
system. This  group n o t i f i e s  Quality Control  by a s p e c i a l  form when an 
a c t i o n  i s  necessary fo r  a s p e c i f i c  item. This  form i s  re turned  t o  t h e  
admin i s t r a t ive  group upon compliance t o  c l o s e  out  t h e  item. 
The techniques of f r a c t u r e  mechanics a r e  used f o r  pressure  v e s s e l s  t o  
determine, a t  s p e c i f i e d  i n t e r v a l s ,  t h e  remaining cycles  and pressure  
l e v e l s ,  o r  t o  r equ i re  a proof t e s t  before  a d d i t i o n a l  use.  
No cos t  da t a  was ava i l ab le .  Cost has not  been a f a c t o r  determining l i f e  
l i m i t s .  No s p e c i f i c  programs have been conducted t o  extend component 
l i f e .  
5. Documents Obtained 
A. Miscellaneous documents r e l a t i n g  t o  ope ra t ion  of  t h e  Limited L i fe /  
Shelf  L i f e  Programs. 
A. Martin Mar ie t t a  Corporation t o  ge t  a copy of  SR-QUAL-67-31, MSFC 
Requirements fo r  Age and T i m e / ~ y c l e  Cont ro l  (Action I tem completed). 
7. Summary 
The meeting wi th  Grurmnan discussed t h e  phi losoply ,  procedures,  and con- 
t r o l s  app l i ed  t o  l i m i t e d  l i f e  components a s  used i n  t h e  Apollo LM and 
AAP Programs. 
1. Persons Making T r i p  
William B. Gizzie  MMC Log i s t i c s  
Mark G.  Mueller,  Jr. MMC Systems Engineering 
Eugene H. Fikes NASA/MSM; S&E-ASTR-GC 
Douglas J. Forsythe NASA/MSFC S&E-TEST-ST 
2. Persons Vi s i t ed  
W i l l i a m  Henrich 
Paul  Sondhoff 
Sam Wong 
Kearf o t  t Marketing 
Kearfo t t  E/D 
Kearf o t t  E/D 
3. Purpose of V i s i t  
The purpose of t h i s  v i s i t  was t o  d i scuss  l i f e  l i m i t a t i o n s  of  gyros,  
e s p e c i a l l y  gas bearing g r o s .  
4. Discussion 
The meeting began with a summary of t h e  types  of gyros manufactured 
by Kearfot t .  I n  t h e  course of t h e  d i scuss ion  i t  was determined t h a t  t h e  
Martin Mar ie t ta  personnel were under a misapprehension as t o  t h e  t y p e  of 
cons t ruc t ion  used i n  t h e  I V  s t a b i l i z a t i o n  platform gyros. The terminology 
"gas bearing" appl ied  by MSFC r e f e r s  t o  t h e  f l o a t  medium. The s p i n  motors 
u t i l i z e  b a l l  bearings r a t h e r  than gas ,  o r  hydrodynamic, bearings.  
Kearfot t  supp l i e s  l i q u i d  f l o a t e d  gyros with e i t h e r  b a l l  bear ing  o r  
gas bearing s p i n  motors. The u n i t s  with b a l l  bearing s p i n  motors a r e  
recommended f o r  1000 hours (one t y p e ) ,  2000 hours  (seven: t y p e s ) ,  3000 hours 
(one t y p e ) ,  o r  5000 hours (two types) .  B a l l  bear ing  u n i t s  have been s t o r e d  
f o r  periods up t o  5 yea r s  with l i t t l e  o r  no e f f e c t  on opera t ion .  
i(G80 o r  V78 o i l  i s  used f o r  l u b r i c a t i o n ,  impregnated i n  a phenolic  
r e t a i n e r .  No aging  problems have been observed with t h e  lub r i can t .  
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4. Discussion (Continued) 
Storage temperature is an important f a c t o r  i n  t h e  manner i n  which i t  
a f f e c t s  bear ing  preload and t h e  var ious  s t r e s s e s  i n  t h e  b a l l s  and races .  
Magnetic p rope r t i e s  of permanent magnets may change with time. This 
f a c t o r  can be determined and taken i n t o  account i n  assembly opera t ions .  
Depending on assembly techniques,  refurbishment is p r a c t i c a l  f o r  some 
modes of  degradat ion o r  f a i l u r e .  
The usua l  degradat ion mode which limits b a l l  bearing gyros is a n  
inc rease  i n  t h e  noise  l e v e l  on t h e  output  s i g n a l .  This  is caused by me- 
chanica l  f a c t o r s  i n  t h e  b a l l  bearing i t s e l f  and usual ly  manifests  i t s e l f  
gradual ly.  
Long term dimensional s t a b i l i t y  of metals i s  an important f a c t o r  i n  
ca lendar  ag ing  of u n i t s  with moving c learances  on t h e  order  of 50 microns 
o r  l e s s .  Research i n t o  t h i s  a r e a  has been conducted on Contract  NASA- 
ERC-1965-66 and repor ted  i n  NAS12-90. 
5 Documents Obtained 
a. Data and d iscuss ion  concerning ope ra t ing  and s to rage  l i f e  of 
var ious  Kearfot t  gyros. 
b. Kearf o t  t gyros, Catalog D65-0169 
6. Action Items 
None 
B a l l  bear ing  gyroscan success fu l ly  be s t o r e d  f o r  periods up t o  
f i v e  y e a d  without s i g n i f i c a n t  e f f e c t  on operat ion.  
17 Apr i l  1969 
1. Persons Making Tr ip  
M. G. Mueller,  Jr .  
W. B. Gizzie  
E .  H. Fikes 
D. J. Forsythe 





MMC Systems Engineering 
MMC Log i s t i c s  Engineering 
NASA/MSFC S&E-ASTR-GC 
NASA/MSFC S&E-TEST-ST 
Bendix - S r .  P ro j .  Engr. Components 
Bendix - Asst.  Chief Engr. Mechanical 
Bendix - Asst.  Chief Engr. Elec t ronics  
Bendix - S r .  Engr. Components 
3 .  Purpose of V i s i t  
The purpose of the  v i s i t  was t o  d iscuss  l i f e  l i m i t s  of the Saturn IU 
s t age  i n e r t i a l  p la t form and components supplied by Bendix. 
4 .  Discussion 
Components used i n  t h e  Sa turn  i n e r t i a l  p la t form a re  very s i m i l a r  t o  
those used i n  the Pershing m i s s i l e  which has  been i n  the  f i e l d  fo r  
e ight  years .  Bendix has experienced no f a i l u r e s  of the Sa turn  p l a t -  
form components a f t e r  two years  i n  bonded s to rage .  Units  a r e  s to red  
a t  room temperature. It was s t a t e d  t h a t  an i n e r t  n i t rogen atmosphere 
would be bene f i c i a l .  No l i f e  l i m i t  t e s t s  have been run  on f l i g h t  
hardware and t h e r e  a r e  no e s t ab l i shed  opera t ing  time or  calendar  l i f e  
l i m i t s  other  than a  five-year s torage  l i f e  program l i m i t .  A 1,000 
hour opera t ing  time l i m i t  preference i s  i n  e f f e c t .  Bendix was not  
aware of the  ex is tence  of the  IBM Instrument Unit ,  Long Term Storage 
Procedure fo r  SIB/V#7915953 o r  MSFC No. 111-6-602-61 Operating Time 
Cycle C r i t i c a l  Components Documents. 
Mater ia l s  used i n  the  platform have exh ib i t ed  good s to rage  c a p a b i l i t y .  
Bendix has no long-term experience concerning p o t t i n g  ma te r i a l s  or 
conformal coa t ings  but have experienced no problems with these  ma te r i a l s .  
Wiring is TFE t e f l o n  coated. "0" r i n g s  a r e  Viton. Anodized Beryllium 
i s  used i n  gyro components. Beryllium whiskers did grow when p a r t s  
were not anodized. V-78 o r  KG-80 o i l  i s  used fo r  bearing l u b r i c a t i o n .  
P ivo t  bearings a r e  lub r i ca t ed  with Bendix No. Piny #10 o i l .  Noise 
problems, poss ib ly  r e l a t e d  t o  aging, have been noted wi th  zener 
diodes.  A study i s  being performed t o  determine t h e  cause of the  
noise .  A study i s  i n  process on b a l l  bear ing  l i f e  and t e s t s  a r e  being 
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4. Discussion - Continued 
run to establish life limitations. Slip rings are rotated every 
100 hours to prevent increasing resistance. Periodic calibration is 
performed to insure operability of equipment when required as dictated 
by program requirements. There is no reason to perform a checkout 
except at the end of the storage period. Similarity method is used 
for establishing life limitations. It was felt that the Inspection 
method would be of little value except for detection of peeling of 
the infared filters from the prisms. 
5 .  Documents Obtained 
None 
6. Action Items 
None 
7. Summary 
Little platform storage data is available. No atorage problems have 
been encountered with up to two years of bonded area storage. Accord- 
ing to persons interviewed, no operating time or calendar life limits 
have been established. 
SURVEY TRIP REPORT 11-37 
SPERRY GYROSCOPE DIVISION 
SPERRY RAND CORPORATION 
GREAT NECK, NEW YORK 
17 A p r i l  1969 
1. Persons Making T r i ~  
M. G. Mueller ,  Jr. Mart in Mar ie t t a  - Systems Engineering 
W. B.  Gizzie  Mart in Mar ie t t a  - Logi s t i c s  Engineering 
2.  Persons Vi s i t ed  
A .  J. S q u i l l a n t e  Sperry Gyroscope I n e r t i a l  Components 
3. Purpose of V i s i t  
The purpose of t h e  v i s i t  was t o  d i scuss  gyro l i f e  l i m i t a t i o n s .  
4. Discussion 
After  a b r i e f  i n t roduc t ion  as  t o  t h e  purpose of our s tudy,  it was 
determined t h a t  l i t t l e  p e r t i n e n t  information would be obtained.  The 
d iscuss ion  concerned gas bearing l i q u i d  f l o a t  gyros. No recommenda- 
t i o n s  were made a s  t o  opera t ing  time l i m i t s .  Three t o  five-year s p i n  
motor l i f e  i s  c o n s i s t e n t l y  achieved. Sperry has  experienced no pro- 
blem wi th  t h e  f l u i d  used. Hus t l e r  gyros have been s t o r e d  3-4 years  
before use wi th  no problems. 
5. Documents Obtained 
Gyroscopes f o r  Space Missions by Robert G. Domini, John R. Mott, and 
Alphonse J. Squ i l l an te .  
6. Action Items 
None 
7. Summary 
No app l i cab le  da ta  was obtained.  
SURVEY TRIP FCEPORT NO. II-38 
PUEBLO ARMY DEPOT 
PUEBLO. COLORADO 
6 MAY 1969 
1. Persons Making Trip 
Mark G. Mueller, Jr. Martin Marietta - Systems Engineering 
Wffliam B. Gizzie Martin Marietta - Logistics 
2. Persons Visited 
Ron Mueller Martin Marietta - Depot Representative 
Wffliam M. Ringnalda Bendix - Service Engineer 
3. Purpose of Visit 
The purpose of thLs visit was to  discuss calendar and operational life limits 
of the Pershing mlssile guidance and control section with particular emphasis 
on the gyro platform. 
4. Discussion 
The Pueblo Army Depot is the maintenanoe depot for the Pershing missile 
system. Spare missiles a r e  stored, along with spare components. Repair 
and overhaul activities a re  also performed. 
Depot personnel a re  not required to keep statistical records d failures or 
of the repairs required or probable cause of failure. Contractor personnel 
(Martin, Bendfx, etc.) attempt to  keep records, but these records are  de- 
pendent on personal contact and conversations with repair activity personnel. 
It was the opinion of the persons interviewed that, in spite of the similarity 
of the Pershing guidance platform (ST-120) and the Saturn platform (ST-124), 
little correlation would be possible between the  unit^ for operational life and 
storage. The ST-120 platform is subjected to a much harsher environment 
and to considerable physical abuse. In spite of this, the platform seems to 
survive 8atiafactorily. It is felt that $he platform is the most reliable com- 
ponent in the G&C (Guidance and Control) section of the missile. MTBF 
figures were not available. A listing of repaired units over several recent 
months showed an average of 160 to 175 operating hours per unit. However 
most of the problems were the result of physical abuse. 
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G&C sections in storage a r e  tested every six months to assure readiness. 
Over the past eighteen months 268 functional checks have been performed 
at the depot. Seven platform non-conformances were found. Problem 
areas were caging switch (2), temperature sensor (I), roll gyro (I), CR 
accelerometer (I), a i r  pendulum (2). No further information was available 
to analyze these failures. 
No information was available concerning gyros in spare parts storage, except 
concerning the storage/shipping container. The protection provided seems 
much in excess of the real requirement. 
There a r e  no specific limits of calendar life or  service life imposed on the 
G&C section o r  i t s  components, except the requirement for the six-month 
functional test. 
A Pershing missile assigned to a storage life test is nearing the end of this 
ten year requirement. The platform was still operating properly during the most 
recent functional test. 
Hysol epoxy was used during early production to encapsulate or  coat electronic 
assemblies in the guidance package. Use of this material was discontinued in 
1965 or 1966 after it was found that aging stresses in the Hysol caused crack- 
ing of glass diodes and ceramic resistors. 
5. Documents Obtained 
A. Bendix Packaging Data Sheet for AB-5 Gyro Stabilizer, 
2 September 1965. 
6. Action Items 
None 
7. Summary 
Because there is no requirement imposed for maintaining records concerning 
the reasons for faflure of the gyro platform, little statistical data was obtained 
that can be applied to this study. It was the consensus of opinion that the gyro 
platform withstands the rigors of its service life very well and is in fact the 
least likely component to fail w i t h  the system. The packaging of the gyro 
for shipment and storage appears to be overdone and may be more than is 
actually required. 
SURVEY TRIP REPORT NO. 39 
SPACE AND MISSILE SYSTEMS ORGANIZATION 
NORTON AFB, CALIFORNIA 
13 h 14 May 1969 
I. Persons Maki nq T r i p  
L. W. T i p t o n  
J. C. DuBuisson 
K. E. R iggs 
R. L. Graham 
A. 0. Boyanton, Jr. 
2. Persons V i s i t e d  
Lt. Col. Rober t  Lerner 
L t .  Col. Jack Hi lden 
Major  James Purse l  l 
L t .  Russel l 
MMC - Systems Engr. 
M C  - R e l i a b i  I i t y  
NASA - S h E - TEST - ST 
NASA - S h E - QUAL - QRR 
NASA - PM - SAT - E 
USAF - SMYND 
USAF - SMQNP 
USAF - SMVMF 
USAF - MKI R/V 
3. P u r ~ o s e  o f  V i s i t  
To d i scuss  sundry m i s s i l e  components which have l i m i t e d  l i f e  due t o  
ca landar  ag ing  o r  o p e r a t i o n  and t o  e x p l o r e  ways and means o f  ex tend ing  
t h e i r  l i ves .  
4. D iscuss ion  
The Minuteman C o n f i g u r a t i o n  Con t ro l  Board (MCCB) has t h e  f i n a l  responsi -  
b i l i t y  f o r  changes i n c l u d i n g  ex tend ing  t h e  l i v e s  o f  components. General 
Schu l tz  i s  t he  chairman. Board membership depends upon t h e  problem under 
cons ide ra t i on ;  members a re  from p r o j e c t s ,  r e  l i a b i  l i t y ,  c o r r o s i o n  c o n t r o l ,  
SAC, a i r  t r a i n i n g ,  OOAMA, e tc .  
I t  i s  b a s i c a l l y  t he  r e s p o n s i b i l i t y  o f  t he  p r o j e c t  groups t o  d e f i n e  poss ib le  
problem areas f o r  t h e  MCCB. Lt. Col. H i l d e n  has t h e  p ropu l s i on  responsi-  
b i  I  i t y .  There a r e  seven p r o j e c t  areas; hence, t h e r e  a re  seven surve i  l lance 
programs i n  ex is tance .  No one i n d i v i d u a l  o r  group coo rd ina tes  these 
s u r v e i l l a n c e  programs i n t o  a  homogeneous program. 
Minuteman s u r v e i l l a n c e  programs commenced i n  1958, w i t h  emphasis on pro- 
pu l s i on .  D u r i n g  t h e  f i r s t  p roduc t i on  run, motors f rom a l l  t h ree  stages 
were saved f o r  age su rve i l l ance .  A  f a i l u r e  c r i t e r i a  program was completed 
i n  1964 i n  which t h e  minimum ( o r  maximum) va lues  o f  c r i t i c a l  parameters 
were es tab l i shed .  C r i t i c a l  parameter va lues  a r e  p l o t t e d  a g a i n s t  t ime  t o  
develop t rends.  Data i s  c o l l e c t e d  from labora to ry ,  component and system 
t e s t s  t o  o b t a i n  t r e n d  data. A f u l l - s c a l e  motor program f i r e s  one o r  two 
motors  per year; t h e  data he lps  b r i n g  component da ta  i n t o  perspect ive.  
SAMSO a t t emp ts  t o  t e s t  i tems t h a t  a re  a t  l e a s t  s i x  months o l d e r  than t he  
i tems i n  s e r v i c e  t o  a n t i c i p a t e  any f u t u r e  problem areas. Thei r .programs 
a r e  c o o r d i n a t e d  w i t h  OOAMA programs. I n s p e c t i o n  t e s t s  a r e  developed 
as r e q u i r e d .  A th ree-year  l i f e  was c o n t r a c t u a l l y  imposed upon minu te -  
man vendors; a  ten-year l  i f e  was a  goa I.  Some component l i v e s  a r e  now 
a t  seven years. 
Some a c c e l e r a t e d  a g i n g  o f  s o l i d  motors  v i a  e l e v a t e d  temperatures has 
been at tempted;  but ,  i n  genera l ,  most l a b o r a t o r y  a g i n g  t e s t s  have 
p a r a l l e l e d  f i e l d  environments.  M i n o r  g r a i n  c r a c k s  a r e  now accepted 
as n o t  a f f e c t i n g  performance. A l s o  m inor  c r a c k s  a r e  accepted i n  t h e  
buna-n gaske t  on t h e  end o f  t h e  f i r s t  s tage nozz le .  
TRW has a  c o n t r a c t  t o  a s s i s t  and a d v i s e  SAMSO concern ing  age /cyc le  
l i m i t e d  items. TRW developed a d e c i s i o n  m a t r i x  f o r  age o u t  - whether 
t o  r e f u r b ~ s h ,  modi fy,  o r  scrap.  The o n l y  ma jo r  weakness o f  t h i s  
t e c h n i c a l l y  o r i e n t e d  m a t r i x  i s  t h e  lack o f  p o l i t i c a l  impact parameters, 
e s p e c i a l l y  concern ing  scrap dec is ions .  
An age sampl ing program f o r  t h e  Mk I  r e - e n t r y  v e h i c l e  (R/V) was s t a r t e d  
f i v e  years  a f t e r  p r o d u c t i o n  s t a r t e d .  A  sample s i z e  o f  one t o  s i x  i s  
t e s t e d  each year. I t  was s t a t e d  t h a t  vendor da ta  was t h e  b e s t  source o f  
i n f o r m a t i o n  f o r  R/V's. The l i f e  o f  a  p ressure  s w i t c h  was extended a f t e r  
age- t rend data  was f i t t e d  t o  an e x p o n e n t i a l  c u r v e  r a t h e r  t h a n  c o n s i d e r e d  
a  l i n e a r  f u n c t i o n .  
5. Documents Obta ined 
None 
6. A c t i o n  I tems 
a. Request a  c l a s s i f i e d  SAMSO r e p o r t  on p r o p u l s i o n  s u r v e i l l a n c e  f rom 
M a j o r  Purse l I. 
7. Summary 
See d i s c u s s i o n  paragraph. 
SURVEY TRIP REPORT NO. 4 0  
CONTINENTAL AIRLINES 
LOS ANGELES. CALIFORNIA 
15 May 1969 
I.  Persons Makins T r i p  
L. W. T i p t o n  
J. C. DuBuisson 
K. E. R i g g s  
R. L. Graham 
A. 0. Boyanton, Jr. 
2. Persons V i s i t e d  
Da le  W. Rausch 
MW - Systems Engr. 
M - R e l i a b i l i t y  
NASA - S & E - TEST - ST 
NASA - S & E - QUAL - QRR 
NASA - PM - SAT - E 
CAL - D i r e c t o r  of P l a n n i n g  and C o n t r o l s  
3. Purpose o f  V i s i t  
To d i s c u s s  sundry commercial a i r c r a f t  components which have l i m i t e d  l i f e  
due to  ca landar  a g i n g  o r  o p e r a t i o n  and t o  e x p l o r e  ways and means o f  
e x t e n d i n g  t h e i r  l i v e s .  
4. D i s c u s s i o n  
A  m a n u f a c t u r i n g  r e v i e w  board (MRB) of FAA dec ides  compor~ent by componeni 
upon t h e i r  t i m e  o r  c y c l e  l i ves .  The FAA i s  p r i m a r i l y  concerned w i t h  
s a f e t y  i n  s e t t i n g  l i v e s ,  whereas t h e  a i r l i n e s  a r e  more c o s t  e f f e c t i v e  
o r ien ted .  The pr ime a i r c r a f t  manufacturers  w r i t e  t h e  o r i g i n a l  manua I s  
f o r  maintenance and opera t ion .  The FAA must approve a1 I '  i n i t i a l  s p e c i -  
f i c a t i o n s  i n c l u d i n g  t h e  minimum equipment l i s t  (MEL) t h a t  l i s t s  a l l  
i tems t h a t  must be f u n c t i o n i n g  a l l  t h e  t ime. 
C o n t i  nenta l A i r  l i nes (CALI deve lops i t s  own maintenance procedure 
c o n s i s t a n t  w i t h  FAA o f  approved procedures. CAL can per fo rm more 
maintenance t h a n  r e q u i r e d .  The CAL s p e c i f i c a t i o n s  a r e  sometimes 
t a i l o r e d  t o  s p e c i f i c  geographic  areas. Based upon exper ience  t h e  
r e l i a b i l i t y  eng ineers  a t  CAL can extend i t e m  l i v e s  w i t h i n  reasonable  
l i m i t s ;  l a r g e  e x t e n s i o n s  r e q u i r e  FAA approva l .  Mr. Rausch f e l t  t h a t  
t h e  r e l i a b i l i t y  e n g i n e e r s  o f  t h e  pr ime manu fac tu re rs  shou ld  work c l o s e r  
w i t h  CAL i n  s e t t i n g  l i v e s .  
A i r l i n e s  used t o  dea l  w i t h  s u b c o n t r a c t o r s  d i r e c t l y ,  b u t  now deal  
th rough  t h e  major  c o n t r a c t o r  ( o n  t r i - j e t s  and l a t e r  a i r c r a f t ) .  Minimum 
r e l i a b i l i t y  i s  now p a r t  o f  t h e  subcon t rac ts ;  i f  t h e  a c t u a l  MTBF fa1 I s  
be low s p e c i f i c a t i o n ,  t h e  s u b c o n t r a c t o r  p r o v i d e s  f r e e  spares t o  t h e  
a i r l i n e ,  Once t h e  MTBF guarantee i s  exceeded, t h e  a i r l i n e s  a r e  respons i -  
b l e  for t h e  item. 
The q u a l i t y  c o n t r o l  group a t  CAL assembles a l  l i t em data and n o t i f i e s  
e n g i n e e r i n g  i f  a  problem a rea  i s  developing.  An IBM setup i s  used f o r  
t ime  c o n t r o l  o f  age l i m i t e d  components. The r e p a i r  and overhau l  r e c o r d s  
a r e  k e p t  i n  t h e  c o g n i z a n t  shop per FAA requ i rement .  The FAA m a i n t a i n s  
p a r t  l i s t s  d e n o t i n g  maximum p e r i o d s  between overhauls .  Fo r  a  sample l i s t  
c o n t a c t  C h i e f  o f  Maintenance and Inspec t ion ,  A i r  C a r r i e r .  
Per FAA, t h e  maximum l i f e  o f  any u n i t  i s  s i x  years; it must be overhau led  
a t  t h i s  p o i n t .  As a  minimum, a  v i s u a l  i n s p e c t i o n  i s  r e q u i r e d  e v e r y  two  
years. U n i t s  a r e  inspec ted  e v e r y  year d u r i n g  f a r  e a s t  se rv i ce .  
J 
The s h e l f  l i f e  o f  u n i n s t a l l e d  rubber  goods i s  t h r e e  years  from d a t e  of 
cure.  The l i f e  can be extended two years  by a  shop inspec t ion .  S i x  
years  i s  t h e  maximum t o t a l  l i f e  a l lowed.  I t  i s  b e s t  t o  opera te  r u b b e r  
goods o c c a s i o n a l l y  s i n c e  O- r ings  g e t  t a c k y  and s t i c k y  i f  i n o p e r a t i v e .  
CAL i s  e x t e n d i n g  t h e  she I f  l  i f e  o f  0 - r  i ngs t h r e e  years  a f t e r  WEMCOR, 
Inc. o f  Miami Spr ings  r e c e r t i f i e s  each O- r ing  by t e s t .  
Pan American A i r l i n e s  has t h e  most env i ronmenta l  data  o f  any a i r l i n e .  
CAL i s  g o i n g  t o  encapsu la te  eng ines  i n  NAVAN bags o f  PVC n e x t  month. 
5. Documents Obta ined 
None 
6. A c t i o n  I tems 
a. O b t a i n  a  sample copy of a  FAA document l i s t i n g  maximum over-hau l  
p e r i o d s  f o r  a i r c r a f t  equipment. 
b. C o n t a c t  WEMCOR, Inc.  f o r  f u r t h e r  d e t a i l s  concern ing  t h e i r  r e c e r t i -  
f i c a t i o n  o f  O-r ings.  
7. Summary 
See d i s c u s s i o n  paragraph. 
APPENDIX D 
LIMITED LIFE HARDWARE CONTROL PROGRAMS 
A .  MARTIN MARIETTA CORPORATION 
The fo l lowing  s h e e t s  are  excerpts  from Martin Marietta Cor- 
porat ion,  Denver D i v i s i o n ' s  S p e c i a l  Considerat ion Items - T i t a n  
111 Family, Drawing 80801Y90000 (SCID). 
3.3.1.3 Section 111 contafnr  t h e  r p e c i a l  c o n r i d a m t i w  
item sheeta which def ine  t h e  spec ia l  r r q u i r e m o n t 8 / l i d t ~ t i ~  
applicable t o  each item. The individual  ehee ts  are ~ r r a n g d  
i n  alpha-numeric order  by p a r t  number. To prevent  an a%ces~ iV@ 
number of items appearing i n  t h i n  sect ion,  t h e  daeh aurabsr8 
have been omitted unleer  t h e  spec ia l  r e q u i r e m e n t 8 / l i d t a t i ~  
a re  a f fec ted  by the  daeh number. When darh numbers a r e  O~dttd, 
the  requirmentsf l imitat ionm apply only t o  t h a t  i t e m  i d m t i f f d  
by the  nomenclature i n  block 3 end dQer not  apply t o  it- via 
the  aamc basic p a r t  number hut  d i f f e r e n t  nomunclatura. 
3.4 DATA El,EW%TS - The da ta  elements w n t a i n c d  On tb8 
specinl  considerat ion item aheeta and t h e  i ad icea  a r e  as 
f o l l w s :  
3.4.1 Block 1 - PART NUMBER - The number amsigned by tB. 
cont rac tor  o r  supplier  t o  i d e n t i f y  the  item. Operation C o a t m l  
Levels (OCL) i s  the highest  l eve l  of  con t ro l  f o r  o p e r a t i o n  .od 
mintenance records. The OCL(s) w i l l  be en tered  i n  t h i n  block 
only i n  Section I. The OCL(s) present ly  assigned to T XIXC 
vill  be used on STC and t h e  OCL(s) present ly  assigned tc T 1173 
vill be uaed on STB. 
3.4.2 Block 2 - PRDGWLn EFFECTIVITY - A des igna to r  
indica t ing  t h e  program using t h e  i t e m .  The dea iguatora  are: 
B - Ti tan  I I IB  STB - Ti tan  TIIB P o l l w  On 
C - Ti tan  I I I C  SM - Ti tan  I I I C  Fol lov  On 
M - Ti tan  I I I M  STD - Ti tan  IIID 
STK - cQlmlm Cora 
3.4.3 Block 3 - NOFK'FICLATLRE - The noun and n&esaary 
modifiers on the engineering drawing t h a t  desc r ibes  t h e  it-. 
3.4.4 Block 4 - CRITICALITY - E n t r i e r  f o r  this data 
element s h a l l  be i n  accordance with t h e  c r i t e r i a  of  paragr* 
3.2.2 above. The c r i t i c a l i t y  c l a s s i f i c a t i o n s  i d e n t i f i e d  belor 
e r e  applicable t o  a l l  T i tan  111 f8mily programs v i t b  ths a- 
ception of SC-Safety C r i t i c a l  which is app l i cab le  only  to tb 
Titan IIIH program. Only highest  c r i t i c a l i t y  c l a r s i f i e a t i o ~  
s h a l l  be assigned t o  arty it-. 
Ent r ies  are: 
a. sc - Safety critic&; 
b. LC - Launch C r i t i c a l ;  
c.' MC - n i e s i w  C r i t i c a l ;  
d. TC - Time/Cycle Sens i t iva ;  
e .  KI - M a r i o n  InotrumenUtian: 
f . NA - Not Applicable. 
3.4.5 Block 5 - CREW SAFETY REVIEW - A revieu of ctar 
rafety aspectr for  each c r i t i c a l  and major failure,  i n  
accordance with the Systema Effectiveness Plan. This el-t 
of data i s  applicable only t o  the T IIlW Prqram. ( Entries are: 
a. YES - Aftfraatim; 
b. NA - Not Appliable. 
c. m - Regative 
3.4.6 Block 6 - FL(IW CHART - Indicates a requir-t 
for establishing and maintaining prodi~ction flow charts  i n  
accordance with applicable. System Effsctivenes6 Plam. 
Entrio8 are: 
a. YES - Affirmative; 
b. NO - Negative. 
3.4.7 Block 7 - AUTOMATIC FAIWRE ANALYSIS - It- that 
require automatic fa i lure  analysis a re  those iteras t ha t  mst 
function properly i n  the countdown through payload separation 
to accomplish mission success o r  degrades Planned bunch On 
Time (PLOT). The contractor sha l l  conduct and document fa i lure  
analysis for a l l  c r i t i c a l  and major failures. The documenta- 
t i on  may take the following forms: 
a. System Martin Automatic Reporting System ($/MARS); 
b. Failed Parts Analysis Report; 
c. Annotation on the HARS. In  those cases where previous 
bowledge i s  available t o  properly define cause o r  where cause 
i m  se l f  evident by the MAUS s t a r m i . ,  
Entxiee are: 
a. YES - Aff inut iva ;  
b. NO - Rwtivo.  
3.4.8 Block 8 - CUSTOMER FAILURE REPOTiTING W U I R E D  - 
The m i n t  of contractor i n i t i a l  acceutance used to  determina 
requirwent for  reporting c r i t i c a l  and major fa i lures  to the 
customer. These fai lures  will be documented i n  HCR-67-60. 
Entries are: 
a. Applicable Point of I n i t i a l  Acceptance; 
b. NA - Not Applicable; 
c. M - Index only, during Acceptance Test a t  Hartin hr ie t t . ;  
d. V - Index only, during Acceptance Test a t  Vendnr 
3.4.9 B ~ O C ~  9 - S U B C O ~ C T O R / ~ W R  C O ~ L  - Tb. 
additional controla and requirementm such am ReliabilLtJ 
Pmgsam Plan o r  M-64-119 that a re  imposed on tha Sub- 
controctorlVmQr . 
' Entries aroz 
a. Doc-t Tlumbers o r  Titlam; 
b. NA - Rot Applicable: 
3.4.10 Block 10 - TRACE~ILITP - The control that  is used 
fo r  t raceabi l i ty  of parts, i.e.. l o t  control, aerialisation. 
E n t r i u  are: 
8. LOT - Lot h n t m l ;  
b. SEXUAL - Seri8li.ration; 
c .  NA - Not dpplicable. 
3.4.11 Block 11 - DATA REVIEW REQUIRED - Mrborne trace 
able  components that  a re  considered c r i t i c a l  t o  mission success 
8s a resu l t  of a review of fa i lure  history. Theae component. 
a r e  approved for  f l igh t  usage by Quality and the Pmduct 
In tegr i ty  Engineer a f t e r  a review of the build, t e s t  and fai lure  
da ta  of each w n e n t  by s e r i a l  number. SAMSO/Aerospace Data 
Review and appruval pr ior  to  vehicle acceptance and prior m 
launch is a lso  requirad. 
Entrlea are: 
a. YES - Affirmative and the types of  data required; 
b. NO - Neptive. 
3.4.12 Block l2 - CRITICAL SPM, - Spares tba t  h e  
special  requirementm/limitations that  can be removed a d  
replaced a f t e r  propellant loading without causing an abort 
of the mission. A l l  c r i t i c a l  spares vtll hc stored in  the 
c r i t i c a l  spares storage e r a .  
Entr ies  are: 
a. YES - Affinnstive;. 
b. NO -Hegatlw. 
3.4.13 Block 13 - DATA TO BE SHIPPED WITR SPARE - T b  
AFEO Forms. Equipment Logs. Test Data. Calibratiop k--- 
-~ - .  
~ i s t o r i c a l ~ ~ e i o r d s ,  1nsp;c;ion and ~ceeptance Records, ;tc., 
t h a t  oust be supped v i t b  the mwre. 
8 .  Type of  Data; 
b. NA - Nts t  Applicable. . 
'3.0.14 Block 14 - APIY) FORMS REQUIRED - This entry alas11 
identify the  aml icab le  Operational Control Lwel  (OCL1 and tb 
ind iv idb l  Air-korce ~ech; l ical  Order ( m O )  and DD'829i1 Form# 
thst  will be in i t i a ted  and maintained. The Operational Codr 
(OC) shPl be includad. 
E n M u  are: 
a. &TO/DD 829-1 Fornu, OCL(a) and OCI 
b. MA - Not Applfcabk. 
3.4.15 Block 15 - C W  LEVEL - The cleaning requi-ta 
for a l l  items which a re  contadnation controlled. The c l e ~ d n p  
level wil l  be reflected as  identified i n  Engineering Procum 
Specififation (EPS) 50405 l a t e s t  revision/amendment. Excap- 
tiona w i l l  be documented i n  t h i s  draving. Items cleaned ta 
Level J o r  commarcial =lean level w i l l  not be ref lected i n  
tM. dreuing. 
Entriea .re, 
a. Applicable C l s m  -elf 
b. HA - Not Applicable. 
N W :  Itme presently i n  stock tha t  a r e  secondary spare. aod 
require cleaning need not be cleaned u n t i l  p r ior  to 
ins ta l la t ion  i n  the  applicable component o r  system. 
- 
. , . . , _ _  _. - . - -  - . ' -- 
3.4.16 Block 16 - OPERATING LIKETATION - The time o r  
cycle limitation of an item under operating coditiona. 
a. U t a t i o n  - the time o r  cycle limitation. 
Entriea ares 
(1) Time o r  Cycle Limitatiun; 
(2) NOBE - No Limitation; 
(3) (R) - indicates tha t  the item w i l l  be racondit- 
a f t e r  expiration of the limitation; 
( (D) - indicates tha t  the  item w i l l  be d i s p o s d  
of a f t e r  expiration of the limitation. 
b. Where tw limitations a r e  provided, "APVA" - 
indicate6 limitatfoa a t  the beginning of Combined System twt 
for Air Force Vehicle .Acceptance; " ~ M C B "  - indicates  lid-- 
tim at laonch. 
C 
3.4.16 Block 16 - OPERATING LIKITATICW - Continued 
c. Renvrks - applicable narrative i n f o w t i w  to -lain 
the condition of the l i d t a t i o n .  The operational code vlll b. 
included when applicable. Op.erationa1 Codes (OC) are  cod- 
assigned to  i t e m  requiring AFTO2E Forms which d e s c r l k  the 
methods, variance and condition6 for recording t4me o r  cycles. 
3.4.17 Block 17 - CALENDAR LIFE - The maxiPnn period o f  
time from date of assembly o r  manafacture that an item cur 
re ta in  i t s  deslrad conformance charactsrist ics,  before h i n g  . 
rroconditioned o r  condemned, whether the item is installed o r  
in storage, 
a. Limitation - ti- limitation. Entries am: 
1 
(1) Time Lid ta t ion;  
(2) NONE - No Limitation; 
(3) (R) - indicates that the item v i l l  be reconditioned 
a f t e r  czpiration of limitation; 
(4) (D) - indicates tha t  the item wi l l  be disposed o f  
a f t e r  expiration of limitstion. 
b. Where tw limitations a re  provided, "AFVAn indicates 
limitation a t  the beginning of Combined Systems Test fo r  Air 
Force Vehicle Acceptance; "LALRJCH1' indicates limitation at  
Iruach. 
c. Remerks - applicable narrative information to arplain 
the conditions of the limitation. 
3.4.18 Block 18 - SHELF LIFE - The max im period of 
t he  f n w  date of cure, manufacture o r  assembly that  an i tan 
can remain unused i n  storage before being reconditioned or 
codeImsd. 
Entries ere: 
a. Time Limitation; 
b. NONE - NO Limitation; 
E. (R) - indicates that  the it= w i l l  be r e w n d i t i d  
a f t e r  eacpiration of the limitation; 
d. (D) - indicate6 that the item w i l l  be disposed af 
a f t e r  expiration of the  limitation. 
3.4.18.1 Storage - Rubber items, pruducts, and 
asscmbliee tha t  contain age - sensi t ive polymers sha l l  ba 
protected from circulating a i r ,  sunlight, fuel, o i l ,  water, 
dust, and ozone (which is generated by e lec t r ic  arcrr, 
fluorescent lamps, and similar e l ec t r i ca l  e q u i p n t ) .  T b  
storage temperature s h l d  not exceed 100°F and sha l l  not 
exceed l25O P. 
' CODE IDCNTNO. 
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3.4.18.2 Examole where an item haa both a Calendar Lift 
and a Shelf Life Idmitation: 
Allume an item ham a calendar l i f e  l imitation o f 2  m t h 8  a d  
a shelf  l i f e  l imitation of 2 wnths.  The item remainm i n  
etorage for  23 month. and i s  then insta l led i n  a mystem. The 
remaining l i f e  of the item i o  the difference betwaen tba to ta l  
calendar l i f e  and the accrued t i m s  spent i n  etorage. In  tMm 
Wmpla  the remining time would be 13 months (36-23213). I f  
an item i a  reconditioned a f t e r  the expiration of e i ther  the 
calendar l i f e  or  ahelf l i f e  the accrued time revert8 t o  rrero. 
3.4.18.3 Items wi th  a calendar or  ahelf l i f e  lidtatioa 
ident i f ied  i n  months w i l l  be controlled t o  the calendar -nth 
and year and not t o  the day, mrmth and year. 
3.4.19 Block 19 - ENVIRONMENTAL ACCEPPANCE TEST (EAT> 
VIBRATION LIMITATION - The ~ l a x i r a r m  time an i t e m  may be 
subjected t o  vibration and st i l l  be considered for f l i uh t  
- 
usage without being reconditioned o r  overhauled. 
Entriem am: 
a.  Time Limitation; 
b. NONE - No Limitation; 
c. (R) - indicates Random Vibration; 
d.  (S) - indicates Sine Vibration. 
3.4.20 Block 20 - DISPOSITION INSTRUCPIOUS - The dis- 
position action t o  be taken if the item has exceeded any of 
the l imitations contained i n  blocks 16, 17. 18 and 19 & t h i s  
QrWne. 
Entr ies  are: 
a. Applicable Instructions o r  a Reference Thereto; 
b. NA - Not Applicable, 
3.4.21 Block 21 - RETEST INSTRUCTIONS - The t e s t  r e q u i r e  
m t s  o r  a reference t o  the t e s t  requirements that  the item 
nust meet i n  order t o  ver i fy  that  the item has been returned 
' t o  i t s  or iginal  operating condition as  a resu l t  of instructions 
i n  Block 20. 
Entr ies  are: 
.a. Applicable Instructions o r  a Reference mereto;  
b. HA - Not Applicable. 
3.4.22 Block 22 - O U A L I P I C A T I ~  TEST - The tes t ing  
required t o  qualify an i t a m  for uaaga. 
a. FULL - Pull  Q u a l i f i c ~ t i o n  T u t ;  
b. SIHIURITY - Qualified by Sid laz%ty;  
c.  PARTIAL - Par t i a l  Qual i f icat ion Tut; 
d. NA - Not Applicable. 
3.4.23 Block 23 - EEXNDED ACCEPTANCE TEST - The 
additional tes t ing required t o  insure tha t  an item i n  
acceptable for  usage on the Titan IIIH Program end w l l l  b* 
conducted i n  accordance wlth the requirements establPshed 
i n  Volume VI and V I X I  of SSD-CR-65-275. Rria elenent of 
data is applicable only t o  the Titan IIIM Rogtcrm. 
Entriesl are: 
a. Applicable Volaunes of SSD-CR-65-27s; 
b. NA - Rot Applicable. 
. .- - -- 
- .- 
3.4.24 Block 24 - CRITICAL MUNCH SITE REPLACEBnli? ITEM - 
STB. STC. STD and Titan IIIM Cr i t i ca l  Item which can be 
replaced-at the launch complex, 
Entrlee are: 
. . . . 
. :. .. - ' -  
a. YES - Affirmative; 
b. NO - Negative; 
c. NA - Not Applicable. 
3.4.25 Block 25 - PACKAGING REQUIREKENTS - The special  
o r  unusual packaging requirements peculiar t o  the item. For 
- - 
normal pacl&ging requirements re fe r  t o  the applicable Package' 
Data Card. (Martin f i r l e t t a  Corporation 4,). 
Entries are: 
a,  Special Packaging Requirements o r  a reference so t b  
requirements; 
b. NA - Not ApplicabXe. 
" 3.4.26 Block 26 - HANDLING REOUIREWENTS - Tha slpeci.1 
o r  unusual handling requirements peculiar t o  the  it-. 
(Martin f i r i e t t a  Corprsltton only). 
Entries are: 
a. Special Randliag Requirements o r  a rsfarsnes to the 
reguir-ta. 
b. t?A - Not Applicabla. 









3.4.2j Block 27 - STORAGE REQUIREMENTS - The r p r i a l  or 
unusual storage requirements peculiar t o  the item. Wrtin Marietta 
Corporation only). 
Entries are: 
a. Special Storage Requirement. or  a reference to tho 
mquiramonts; 
b. NA - Not Applicable. 
3.5.1 The special  consideration items draving s h a l l  be 
impl-ted by a l l  affected Denver and f i e l d  s i t e  o r g a d e a t i ~  
as directed by operations direct ive and standard procedureo. 
These organizations s h a l l  u t i l i z e  the requi rements / l idh t ionr  
i n  this drawing when ordering, receiving, handling, storing, 
repairing, t es t ing  and approving hardware a s  well a s  the pre- 
paration of data products required t o  support any of the above 
functions. dffected departments sha l l  prepare or rev ise  
inteznal operating practices, procedures, process p l a ~ s ,  shop 
folders, log books and rela ted inst ruct ions  t o  insure tha t  the 
requirements/limitations of this draving a r e  implemented. 
3.6 CONTROL OF SPECIAL CONSIDERATIONS ITINS 
3.6.1 A l l  items l i s t e d  i n  t h i s  drawing with the exception 
of smell electronic piece parts,  bolts ,  nuts, panel fasteners, 
bearings and clamps sha l l  be ident i f ied a s  having special  con- 
s iderat ions  by means of decals on the container o r  package, 
and on the part. 
3.6.2 The part. decals shall be propellant compatible and 
sha l l  be applied at the point of acceptance. Par t  decals sha l l  
be applied only a f t e r  the  f i n a l  f in i sh  i s  applied, and w l l l  be 
applied only m! non-bearing surfaces i n  a manner t ha t  does not 
impede the operation of the i tem.  Sound judgement w i l l  be 
used when applying decals. I f  there i s  a poss ib i l i ty  that the  
decal would contaminate the item, o r  i f  the  item is too small, 
the decal w i l l  not  be u t i l i zed .  $The par t  decal aha l l  be 
applied near the  name p la t e  o r  the par t  number of the i t e m  and . 
positioned so tha t  it does not obscure any information. Par t  
6ecal.b shall be app!ied i n  accordance with the requirements set 
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B. McDONNELL DOUGLAS ASTRONAUTICS COMPANY, 
EASTERN DIVISION 
The following pages are excerpts from McDonnell Douglas Astro- 
nautics Company Eastern Division's MOL Program Gemini B System Seg- 
ment AVE Preventive Maintenance Requirements Summary, Report P. S. 
338, dated 31 December 1968. 
4. Under the  colunin heading "LIFE LD4ITU calerldar time and opera t ing  tilnc o r  
cyel%s t o  which an  item m y  be subjected p r i o r  t o  i t s  re t i rement  from 
s e r v i c e  as a f l igh t -wor thy  component a r e  i d e n t i f i e d .  Appendix A, Li fe  
Limited Equipment Index, represents  supplemcr!tary information i n  additio:i 
. t o  t h e '  LIFE LIMIT colunrl. A l l  l i f e  l imi ted  items i n  the  docu::ic:?t a r e  com- 
p i l e d  ~II t h i s  index a s  a ready-yefercrice. I n  add i t ion ,  t h e  p r e f l i e h t  
p o r t i o n  of equipnlent l i f e  l i r n i t  i s  i d e n t i f i e d  i n  two pa r t s ;  1~re i l i ; tc l lu-  
t i o n  l i f e  l i m i t  and prelaunch l i f e  1.imit. 
n.  Maximufn al loirable p r e i n s t a l l a t i o n  usage de f ines  thy  optimur;~ :iumtor 
of ope ra t ing  hours o r  cyc les  which nlay be experided on an  iicm ' a d o r e  
i n s t z l l a t i o n  i n  t h e  f l ig 'n t  spacec ra f t .  This  f i g u r e  i s  designee: t o  
prevent  i n s t a l l a t i o n  of an  i tem which coula experie?.cc venr  out  &fore  
b .  Maximum al lowable p ~ e l a u n c h  usage def ines  t h e  number of operati-,,: 
hours o r  cycl6s t h a t  may be expendcd or] an  iten] up t o  lnunci-I. An itern 
experiehcin& more than  t h e  number or hours o r  cycles  d e f i n e d  by t h i s  
Pigure a r e  s u b j e c t  t o  wear out  t c f o r e  mission completion a n t  shmlld 
not  be  flown. 
The de terminat ion  of l i f e  l i m i t  i s  based on a n n l g s i s  of equiphlcnt cha rac te r -  
i s t i c s .  Any item judged t o  be incapable of o p c r a t i r ~ y  1.5% of t h e  a :~ t i c ipa tcd  
ope:-&tin& l i f e  from nia.nufacturc t o  lnission i e r n i n a t l o n  i s  corlsidcrea l i f e  
1 i r n i  t cd . 
5. "STORAGE ~IFE" i d e n t i f i e s  t h e  period ol. <,ilne t ha t  a]! i t f ~ r : ,  rnay rcrnair! 5.n con- 
t r o l l e d  stera$e k'ithout overhaul ,  p a r t s  rcp1.aaement o r  requali l ' icat icin.  
STOPAGE LIFE i n  t h i s  ins tance  r e f e r s  t o  noni!lstalled equi1:;:ent siorc-d i:: 
a spec i f  i ed  envirorlnlent . 
6 .  "SHELF LIFE" s p e c i f i e s  t h e  n~inirnui~i period of' itern s to rage  l i f e ,  ciilring 
which it remains i n  a ready-for- ins ta l . la t ion  s t a t u s .  Sheli '  ].ire is 
s p e c i f i c 6  se l )cra te ly  froi:i ::torage - l i f e  i n  order  tilut a di:,ti:lctj.ori c&;1 ilc 
' ' node between l r v e l s  of rniiintenance a s soc ia t cd  with the  c ! : t ~ l ) l i ~ ; h ~ d  : i i i r i i i -  
terlancc concept.  Gerleral1.y cpczking, maintenance interva1.r. ~ s s s c i 2 t e C  
v i t h  s h c l f  l i f e  i-e2rescrit tile inaximwl iicie a n  iteril can retzair> i n  stori;gc 
p r i o r  t o  i n s t a l l a t i o r l  a s  a f l igh t -%/or thy  co1;;poncnt without i'iri:l dndcr-. 
going a r e v a l i d a t i o n  t e s t .  The "StEli? LIFE" ~nnirltenance require:ncnt is 
not mandatory i f  t h e  item is not t o  be mnintaintd i n  the  ready-ror-  
i n o t o l l a t i o n  s t a t u s .  I f  t h e  item is t o  bc maintained i n  'he ready-Sor- 
i n s t a l l a t i o n  s t a t u s  t o  support  t he  launch, then  t h e  mainter~&nce !nust Lc 
performed when t h e  spec i f i ed  SHELF LIFE i n t e r v a l  i s  exceec?cc!. 
7. "INSTALLED LIFE" r ep resen t s  t h e  pro jec ted  time period t h a t  an iter:. .rr.a;/ 
rernai:l i n s t a l l e d  i n  t h e  spacec ra r t  and s t i l l  co!~i'ox#l % sl1eci:it2 requi re-  
ments of pe r fonnanc~ ' .  This  colunn is subdivided i n t o  two c :~togor ies ;  
i n s t a l l e d  opernt ing  l i r e  and i n s t a l l e d  n o n o ~ e r a t i n g  l i f e .  
a .  I n s t a l l e d  L i f e  - Opc.l.:lting - This zubcolu:nli i nd lcz tc s  t h e  ,ciiod of 
.- 
time o r  nwnber of cyc1.e~; an i t c : m  m:ty ~ ~ ; t a i l ~  be io re  i t  ~ : , ~ s t  bc ~.e:r;O:'~d 
from f l i g h t  s t a t u s  o r  r egua l i f i cd  i n  accordance with t h t  PERIODIC 
MAWTENANCE TEST DESCilIFTIOIJ column. An N/A i n  t h i s  column dcnotcs thci 
t h o  itear m u s t  be removed when t h e  l i f e  l i m i t  has been reached or 
. . 
exceeded. 
b. I n s t a l l e d  L i re  - Honoperating - This zulicoluri~n i n d i c c t c s ,  i n  c3lendar 
t ime only, llo-,~ long an  itern rncy :.cr:l:l.in i n a c t i v e  i n  ti le systcrn LeTorc 
i t  must be r e v e r i f i c d  a s  o p e r a t i o ~ ~ n l .  by t h e  system t c s t  crlgincer.  
T ie  f i g u r e  i n  t h i s  column asswrlcs a c o ~ i d i t i o n  of "dry s to rayc"  where 
specified precaut ionary  measures have 'uecn tzkcn for' p r o t e c t i o r ~  froio 
extreme enviro:u!:entn imd ~ o r i t a m i r ~ a t i o n .  
6 .  "FERIODIC I4/,INTKN/,NCL TEST DESCRIliPION" dcl'ines niainterlanee f r rqucnciez  
:~nd  6e:criptions of t c s k s  required t o  maintain a n  i t c n ~  i n  accordan;.e with 
l i r e  requircmcrlts s ~ e c i f i c d  ' i l l  t h e  ~ ) r c v i o u s  C O I U I I I : ~ ~ .  
:%. Frequency - For eech l i f e  colwnll of thc  l!:ft pcrgc, tho  FILT,. coluxn 
. . \. . . 
w i l l  cor~tnir i  r f igu ro  dcnoiin:; t h c  I'rcqucncy a t  ~ h i c l l  t h e  item lmst  $c 
x a i ~ t a i n e d .  1% f r cq~c i ; cy  e n t r y  w i l l  be critcrcci Eor 21.1 l i f t  1ii::it 
i tems. Ot~ly tkose  items t h a t  t h c  l i f e  limit is c r i t i c a l  t o  t h e  rnicsio:~ 
and coded AT o r  AC w i l l  conti.nuous l i f e  morlitol-ing be requircci t o  
prevent exccedine t h e  ind icn tcd  Crequency. In a d d i t i o n  t o  f i g d r r s  
corresponding t o  t h e  l e f t  pace, t h i s  column a l s o  l i s t s  " in tc?r i~n"  
niaintcnance Prequcncier. of a c y c l i c  nature.  
5. ~ n ~ t a l l e b  o r  Storcd - An "X" i n  e i t h e r  di' t h c s c  eolwnns i n d i c a t e s  
whct!lcr t h e  Cir;ilre i n  t h e  FZSG. coluinn i c  ~ p p l i c a b l e  t o  s to red  o r  
i n ~ t a l l e d  ec,ui;m.ent o r  both .  
c .  I , la i :~t~nance Descr ip t ion  - This c o l m n  $rovides a n a r r a t i v e  de:rr l l : t io:~ 
of t h e  s to red  o r  i l l s t a l l e d  maintenance rcquircd at  t h e  ind ica te2  
frequency. k notatior! t o  coni'idence t e s t  p r i o r  t o  i n s t n l l a t i o r l  if a 
particu.l .nr t i n e  period hns el.aps;cd s i n c e  the  l a s t .  EiC i:i bascd on tile 
fo l lowing concepts: 
( 1 )  Each rel)lzcernent co~nponent o r  fl.5.ght h;~rdbrare i s  as:,ignc.d : ~ n  I;FC 
v a l i d i t y  plcriod which e s t ab l i s l r e s  t h e  pcriod of tirnc during u!lich 
it mny remain i n  a ri.tored o r  o the r+? i sc  jnuct jvc  condi t ion  L ~ I ~ C C :  
t h e  l .ast E:FC without  rcquir ir lg r c v e r i f i c a t i o n  bcf'orc ins t a l l eL ion  
i n  t h e  f l i i h t  spacec ra f t .  
(2) If a replncerncnt component is rcqyirud f o r  i n s t a l l u t i o n  i n  the 
fipacccmT1; and has exceeded t h e  v a l i d i t y  period,  il. must ul~dergo 
a conCid~ncc  t e s t  p r i o r  t o  insi ;al l .a t ior~.  
( 3 )  A c o n f i d c ~ ~ c e  t s t  c o n s i s t s  of a  s u r f i c i c n t  art~ount of verification 
t e s t i n $  t o  e s t a b l i s h  t h e  f l i g h t  n o r t h i n f s s  of u n i t  t o  iic installed 
Conridence t e s t s  a r e  run only be fc re  i n c t a l l a t i o n  and only when 
t h e  assigned v a l i d i t y  period i s  exceeded. The deerce of testi!lg 
necessary  t o  e s t a b l i s h  colifidence i s  a funct ion  of t h c  qa ipment  
' phys ica l  and operat ional .  c h n r a c t c r i s t i c s  and majr i :~crcncc  o r  
decrcasc i n  inagnitudu es ecluip~ner~t ope ra t ing  h i s t o r y  dictate:.  
Recycle t e s t i n g  requirements a r e  e s t ab l i shed  f o r  those c.quiplnc:lts whose 
h i s t o r y  i n d i c a t e s  a t c ~ ~ d a n c y  toward clegradntion from i n a c t i v i t y .  Thcsc 
degradat ion  t e s t s  nay vary i n  magnitude from a "burn - i r~"  period t o  a 
complete FZC dependine upon t h c  ind iv idua l  equipnellt r e q u i r c ~ c n t .  It 
is noted. t h a t  s e v e r a l  approaches t o  equ ip rnen td i spos i t ion  a r e  required 
t o  minimize p r e i r ~ s t a l l n t i a n  t e s t s  a t  t h e  launch s i t e .  To el.iminatr: 
extens ive  delays, t h e  f o l l o v i n g  :?ethodc a r e  clployc-C to  r ~ a i n t a i n  tino 
maxilnum q d a n t i t y  of r e a d y - f o r - i n s t k l l u t i o n  spares :  
o  Components wi th  bnort  EFC v a l i d i t y  per iods ,  (conSidcncc t c s t  
i n t c r ~ i a l s  of 90 days o r  l e s s ) ,  w i l l  be  shipped on dcruand i s  a  
replaccmcnt f o r  n  f a i l e d  compo~le!~i. Tiie:;c:- co::,i.o::cl-its \~ili LC 
s to red  a t  MXC-ED S t .  1,ouis. The recp.1j-e6 re<:y:I.~ 1:ZC Yecfiirc- 
::ln;t; a l e  sched ,~ lcd  t o  1,ro-iidn a  rcndy - f o r - i n s t a l l a t i o n  Lipre 
. set  or' S/C hnrdwarc, unless  VkFB has t h e  c a p a b i l i t y  t o  i.e~.;.onn 
. . 
, , 
the coi~f idence  t e s t  r equ i red .  111 those  ins t ence r  vhcre co r f i -  
dence t e s t  cannot Se accoml~lishcd a s i n 8  system t c s t  cquip!~!cnt, 
cornponcnts w i l l  be returned t o  S t .  Louis end d i s p o s i t i o n  made 
i n  confonnz~lcc wi th  prosram requirements.  
o  Thosc i t e n s  r e q u i r i n g  c y c l i c  t e s t  not i n  t h e  na ture  of an WC 
w i l l  bc re turned t o  St .  Louis r ccc iv ing  inspcc t ion  f o r  revnl.ida- 
t i o n  a t  t h e  i n t e r v a l s  spec i f i ed  h e r e i n  only i S  t h e  t e s t  c a p x b i l i t y  
does not e x i t  ct  VAFB. 
3 Equipment is maintained a t  t h e  lcbnch s i t e  f o r  p e r f o m i n g  t e s t s  
on c o ~ n p o n e ~ t s  w h o ~ c  phys ica l ,  m a t e r i a l  o r  ope ra t iona l  cha ruc te r -  
i s t ics  ere not conducive t o  rccy- le  t c s t i n g  i n  S t .  Louis. 
o  S/C p c c u l i a r  co~npo~ients  w i l l  be shipped t o  Vandenberg withirl 90 
days o l  scl~eduled launch d a t c  o r  concurrent  wi th  S/C shipment and 
d i s p o s i t i o n  made i n  conforr~lance t o  program requirements. 

, . .. 
eE~;jlal $ E L ~ E W ~  
: A N D  STORAGE 
REQUlREfhENTS 
submit t o  Material Fieview ~ o a r d  f o r  Store  i n  o r i g i n a l  
speci f ied  useage. 
cleaned components. 
Ref. MAC P.S. 20505,. 
except c leanl iness  . ' 
per MAC P.S. 12202. 
I f  valve i s  not 
s tored i n  a r e t a l  ' 
conta iner ,  the  r e -  
p lacemnt  frequency 
of elas,t?rrer conpon - 
e n t s  w i l l  be 18 
Requires handlin*? 
compatible with COX 
cleaned corr,ponents. 
C. McDONNELL DOUGLAS COMPANY, 
GEMINI SPACECRAFT 
The f o l l o w i n g  pages a r e  e x c e r p t s  from McDonnell Douglas Com- 
p a n y ' s  Gemini S p a c e c r a f t  Systems Maintenance Summary, Repor t  No. 




S E C T I O N  I 
S Y S T E M  M A I N T E N A N C E  SUMMARY 
SCOPE 
I. FOR P U R P O S E S  O F  T H E  A C C E S S  A N 0  REMOVAL T A S K  A N A L Y S I S  C O N T A I N E D  I N  THE F O L L O W I N G  S E C T I O N  
THE FOLLOWING A S S U M P T I O N S  ARE MADE u l T n  R E S P E C T  TO THE S P A C E C R A F T  C O ~ F I G U R A T I O N S  - 
A.  T H E  S P A C E C R A F T  I S  ON T H E  P A 0  J U S T  P R I O R  TO ERECTOR L O W E R I N G .  
8 .  S Q U I B  B U S S E S  ARE D I S A R M E D  A N 0  A L L  CONTROL S U l T C H E S  A N 0  C I R C U I T  BREAKERS 
P L A C E D  I N  A  S T A N D A R D  - S A F E -  P O S I T I O N .  
C. T H E  N E C E S S A R Y  S T E P S  H A V E  B E E N  T A K E N  TO I N S U R E  T H A T  C R I T I C A L  PRESSURE A N 0  
T E M P E R A T U R E  P A R A M E T E R S  CAN B E  M O N I T O R E D  UNDER E S T A B L I S H E D  - H O L D  A N 0  
R E C Y C L E -  C O N D I T I O N S .  
P R I M A R I L Y .  P H Y S I C A L  A C C E S S  O N L Y  H A S  B E E N  C O N S 1 D E R E O .  U N L E S S  C O M P L E T E L Y  O B V I O U S .  THE 
n a N v  P O S S I B L E  I N T A N G I B L E S  T H A T  M A Y  A F F E C T  R E M O V A L  T I M E  H A V E  N O T  B E C N  S H O W N  A S  
AN E X A M P L E .  CREW REMOVAL I S  I N D I C A T E D  ONLY I N  l n O S E  I N S T A N C C S  AS R C Q U I R C D  FOR 
P H Y S I C A L  A C C E S S  OR I N  C A S E  OF A V E R Y  O B V I O U S  R E Q U I R E M E N T  sucn a s  o E M a T l n c  
E X T E N D I N G  H O L D S .  E T C .  
FOR T H E  P U R P O S E S  O F  T H E  A C C E S S  A N D  R E M O V 4 L  T A S K  A N A L Y S I S  C O N T A I N E D  I N  THE TGA 
SECTION.  THE F O L L O W I N G  A S S U M P T I O N S  A R E  M A D E  u l T n  R E S P E C T  T O  T n t  ron c o n F l c u p n r ! o w  
A.  P Y R O T E C H N I C S  ARE NOT I N S T A L L E D .  
8. T H E  L A U N C H  SHROUD H A S  NOT B E E N  I N S T A L L E D .  
2 .  A L L  AGE R E Q U I R E D  I S  C D M S I D E R E O  ON L O C A T I O N  AND A V A I L A B L E .  
3 .  REMOVAL T I M E  E S T I H A T E S  ARE B a S E O  ON THE MANPOWER SHOWN AS B E I N G  A V A I L A B L E .  
4. UNDER T H E  H E A D I N G  - S T O R E D  PERIODIC M A I N T E N A N C E -  T H E  I N O I L A T L O  P R E - I W S T A L L I T I O U  I W D  
' R E C Y C L E  T E S T  R€QUlRL+lEHTS &RE B A S E 0  ON T H E  F D L L O U I N G  B A S I C  L R O u # O  R U L E S  - 
A  E A C H  I T E M  OF R E P L A C E M E N T  F L l G M T  HARDUARE SHALL  BE P I A  T E S T E D  p R l @ R  To 
I N S T A L L A T I O N  I N  T H E  F L I G n T  S P A C E t R A F l .  1 0  A V O I D  O C L i i Y S  I N  I I ~ S T A L L A T I Q C  
P I A  T E S T I N G  S H A L L  BE SCMEDULEO C O N S I S T E N T  W I T H  THE ~ O c A T l o n  ah0  1 V n r ~ -  
A B I L I T Y  O F  T H L  N E C E S S A R Y  T E S T  E Q U I P M E N T .  
REQUIREMENTS F O R  T E S T I N G  u p o n  I N I T I A L  R E C E I P T  A R E  D E T A I L E D  I N  S E D P  J O T  
T H O S E  E Q U I P N E W T S  R E P A I R E D .  OVERWAULZO OR M O D l F l E O  BY E I T H E R  TME Y t H U O R  
OR THE CONTRACTOR S H A L L  BE S U B J E C T  TO THE SAME I N I T I A L  P l A  T E S T  D i U u l O t  
m r n T s  A S  Y E Y  I T E M S .  
8 .  f Q U I P M E N T  I T E M S  S H A L L  BE R E n O v E O  FROM THC F L l C n l  S P A C E C R A F T  t o w  P ~ R P O , ~ .  
O F  P E R F O R M I N G  P I A  T E S T S .  O N L Y  Y H E N  ABNORMAL C I R ~ U H S T A N C E S  R E Q U I R E  THAT 
SUCH A N  E V A L U A T I O N  I S  R E Q U I R E D .  E Q U I P M E N T  REHOVED TO F A C I L I T A T E  THE 
REMOVAL O F  OTMER HAROWARE S H A L L  R E Q U I R E  R E - P I A  ONLY YHEN S P E C I F I E D  @'y 
C O G N I Z A N T  S Y S T E M S  E N G I N E E R S .  
0-24 MAINTENANCE SUMMARY 
PAGE D  
k .  / C O N T I N U E D /  
t. UNDER THE COLUMM H E R D I N G  - S T O R E D  P E R I O D I C  M A I N T E N A N C E - .  A  N O T A T I O N  T O  C O N F I O E N C E  
T E S T  P R I O R  TO I N S T A L L A T I O N  I F  A  P A R T I C U L A R  T I M E  P E R I O D  H A S  E L A P S E D  S I N C E  T I [  
L A S T  P I A  T E S T  I S  B A S E D  ON T H E  F O L L O W I N G  D E F I N l T 1 V E  P R E R E Q U I S I T E S  - 
I. E A C H  R E P L A C E M E N T  COMPONENT OF F L I G H T  H A R O Y A R E  I S  A S S I G N E D  A 
P I A  V A L I D I T Y  P E R I O D  U n l c n  E S T A B L I S H E S  T H E  P E R I O D  OF T I M E  
D U R I N G  W H I C H  I T  n a y  R E M A I N  IN A S T O R E D  O R  o rn rnu l s r  l a n c r l v f  
C O N O l T l O N  S I N C E  THE L A S T  P I A  T E S T  W I T H O U T  R E Q U I R I N G  R E - V E R I F I -  
C A F I O N  BEFORE I N S T A L L A T I O N  I N  T H E  F L I G H T  S P A C E C R A F T .  
2 .  I F  A  R E P L A C E M E N T  COMPONENT I S  R E Q U I R E 0  FOR I N S T A L L A T I O N  I N  THE 
S P A C E C R A F T  AND H A S  EXCEEDEO T H E  V A L I O I T Y  P E R 1 0 0  D E S C R I B E D  I N  1. 
A B O V E .  I T  MUST UNDERGO A  - C O H f I O E N C E -  T E S T  P R I O R  TO I N S T A L L A T I O N .  
A  C O N F I D E N C E  T E S T  C O N S I S T S  OF A  S U F F I C I E N T  AMOUNT O F  V E R I F I C A T I O N  
T E S T I N G  TO E S T A B L I S H  T H E  F L I G H T  W O R T H I N E S S  O F  A  U Y I T  TO B E  I N -  
S T A L L E D .  C O N F I D E N C E  T E S T S  ARE RUN O N L Y  P R I O R  TO I N S T A L L A T I O N  AND 
ONLY WHEN T H E  A S S I G N L O  V A L I D I T Y  P E R I O D  I S  EXCEEOEO.  T H E  DEGREE 
OF T E S T I N G  N E C E S S A R Y  TO E S T A B L I S H  C O N F I D E N C E  I S  A  F U N C T I O N  OF 
T H E  t Q U I P M L N T  P H Y S I C A L  A N 0  O P E R A T I O N A L  C H A R A C T E R I S T I C S  A N 0  MAY 
I N C R E A S E  OR D E C R E A S E  I N  M A G N I T U D E  A S  E Q U I P M E N T  O P E R A T I N G  H I S T O R Y  
D I C T A T E S .  COMPONENT P I A  T E S T  PROCEDURES C O N T A I N  A P P R O P R I A T E  
I O E N T I F I C A T I O N  O F  T H O S E  P O R T I O N S  O F  THE P R O C E D U R E  w l c n  C O N S T I -  
T U T E  A  C O N F I D E N C E  T E S T .  
D. R E C Y C L E  T E S T I N G  S H A L L  B E  E S T A B L I S H E D  FOR T H O S E  E Q U I P M E I T S  WHOSE H I S T O R Y  
INOICRTLS R TENOCNCI TDURRD O E G R A O ~ T I O U  FROM IN~CTIYITI. T n E s E  DEGRIDATION 
T E S T S  L A Y  V A R Y  I N  I A G N I T U D E  FROM A - B U R N - I N  P E R I O D -  TO A  F U L L  P I A  D E P E N D I N G  
UPON T H E  I N D I V I D U A L  E Q U I P M E N T  R E Q U I R E M E N T .  
E. ONE S E T  O F  S P A C E C R A F T  E Q U I P M E N T  T H A T  R E Q U I R E S  TWO OR MORE S H I F T S  TO P I A  
S H A L L  BE H A l N T A l N E D  A S  R E A D Y  S P A R E S  B Y  A P P R O P R I A T E  U P - D A T I N G  A C T I O N .  
5 .  I T  I S  NOTED T H A T  S E V E R A L  APPROACHES TO E Q U I P M E N T  D I S P O S I T I O N  A R E  R E Q U I R E D  TO 
I I N I M I Z E  P R E - I N S T A L L A T I O N  T E S T S  A T  T H E  L A U N C H  S I T E .  T O  E L I M I N A T E  E X T E N S I V E  D E L A Y S .  
T H E  F O L L D W l n G  M E T H O D S  A R E  E M P L O Y E D  T O  H A I N T A I N  T H E  M A X I M U M  Q U A N T I T Y  O F  R E A D Y - F O R -  
I I S T L L L A T I O N  S P A R E S  - 




5 .  I C O N T I Y U E D /  
B .  COMPON,ENTS W l T H  SHORT P I 1  V A L I D I T Y  P E R I O D S .  / C O N F l D E Y C E  T E S T  I N T E R V A L S  O F  90 DAYS OR 
L E S S / .  W l L L  B E  S H I P P E D  0 1  DEMAND AS A  R E P L A C E M E N T  FOR A  F A I L E D  CONPONENT. T H E S E  CON-  
P O N E N T S  W l L L  B E  STORED A T  H A C  ST.  L O U I S .  T H E  R E Q U I R E D  R E C Y C L E  P I A  R E Q U I R E M E N T S  A R E  
S C H E D U L E D  TO P R O V I D E  A  R E A D Y - F O R - I N S T A L L A T I O N  S P A R E  S E T  O F  S I C  HARDWARE, U N L E S S  C A P E  
H A S  T H E  C A P A C l L l T Y  T O  P E R F O R M  T H E  C O N F I D E Y C E  T E S T  R E Q U I R E D .  I N  T H O S E  I N S T A N C E S  WHERE 
C O N F I D E N C E  T E S T  CANNDT B E  A C C O M P L I S H E D  U S I N G  S V S T E M  T E S T  E Q U I P M E N T .  COMPONENTS W l L L  BE 
R E T U R N E D  T O  S T .  L O U I S  A N D  D I S P O S I T I O N  MADE I N  CONFORMAYCE W l T H  PROGRAM R E O U I R E f i E N T S .  
C. THOSE I T E M S  R E Q U I R I N G  C Y C L I C  T E S T S  N O T  I N  T H E  N A T U R E  O F  A  P I A  W l L L  BE R E T U R N E D  TO 
S T .  L O U I S  R E C E I V I N G  I N S P E C T I O N  FOR R E V A L I D A T I O N  A T  ?HE I N T E R V A L S  S P E C I F I E D  H E R E I N  O N L Y  
I F  T H E  T E S T  C A P A B I L I T Y  DOES N O T  E X I S T  A T  C A P E .  
D. EOUIPMENT I S  MAINTAINED AT  THE LAUNCH S I T E  F O R  P E R F O R M I N G  T E ~ T S  O N  C O M P O N E N T S  w n u s  
P H Y s I c n L ,  M A T E R I A L  O R  OPERATIONAL C H A R A C T E R I S T I C S  A R E  N O T  C O N D U C I V L  T O  R E C Y C L E  T E S T I N G  
I N  S T .  L O U I S .  
E .  S / C  P E C U L I A R  COMPOPENTS W I L L  BE S H I P P E D  T O  C A P E  U I T H I N  9 0  D A Y S  OF S C H E D U L E D  L D U N C H  
DATE O R  C O N C U R R E Y T  WITH SIC S H I P M E N T  A N O  D I S P O S I T I O N  M P D E  I N  c o w F o a M a N c r  T O  p a o c s a a  
R E P U I R E H E W T S .  
F. IN T n o s f  C A S E S  WHERE E X P E D I E N C Y  I N  CORRECTING A NRLFUNCTIOM REOUIRCD THE n t P L a c E f i E N T  
O F  A  MODULE AS OPPOSED TO R E P L A C I N G  A  COMPONENT, THE R E Q U I R E D  MOOULES ARC S T o c r E D .  
T E S T E D  AND O I S P O S I T I O M E O  I N  ACCORDRNCE W I T H  T H E  SAME O P E R A T I O N A L  PROCEDURES S T A T E 0  
I N  A  T H R U  E  ABOVE.  
6 .  UNDER T H E  COLUMN H E A D I N G  - I N S T A L L E D  P E R I O D I C  M A I N T E N A N C E  - I S P A C E C R A F T  I S  C O N S I D E R E D  TO BE I N  
DRY S T O R A G E / .  I N  M A N U F A C T U R I N G  B U I L D U P .  OR 111 T E S T I N G  TUE P E R l O O l C  M R I N T k N L H C E  R E O V I S E R E N T S  
I N  T H I S  coLunn ARE N O T  A P P L I C P B L E  U N L E S S  so N O T E D .  
7 .  AN I T E M  MARKED - I O N - R E P A I R D B L L -  DOES NOT PRECLUDE T H E  P O S S I B I L I T Y  OF F A I L U R E  I N A L Y S I S  
8. P R R T S  A U T H O R I Z E D  F O R  R E U O V n L  B Y  U.S.  GOVERNMENT C O N T R P C T I N G  O F F I C E R  FRO. F L O W N  S P A C E C R A F T S  
S H A L L  BE R E T U R N E D  TO MAC S T .  L O U I S  - G F D E  C R I B  FOR CONTRDCT A C C O U N T A B I L I T Y  A N D / O R  O I S P O S I T I O N ,  
W I T H  T H E  E X C E P T I O N  O F  E X P E R I M E N T S  AND G F D E  O P E R A T I O N A L  E a U l P H E N T S .  
MAINTENANCE SUMMARY 
ACCESS, REMOVAL, A N D  REPAIR 
DESCRIPTION OF 
REPAIR POSSIBLE 
D I S A B L I N G .  RFF. PAGE 12-22. 
M O D I F I E D  TO CONE RIJRRER -0 -  R I N G  AND 
- 3 3  S I C  11-12 
INSTALL SERVICE S E ~ T .  NOTE 
REMOVC SHINGLE NO. 784. H I L L  4LSO REUUIRE RFMOVd l  
OF 5 7 - 9 3 7 1 1 .  I E P L  AISEMPLV.  
REMOVE S I X  / b /  B r l L l S  4 1  
SM4LL PRESSURE RULKHEAO. 
OPE* CREW H4lCHES.  R E B U I L D  AND/OR P R E I l R  
AND IEMPERlTURE AT THE VENDOR F A C I L I T V .  
- t1  SlC 11 - 1 2  
REMOVE ECS FLOW CONTROL 
T P I N I N G  ROCIS. 
REMOVE V I L V F .  
R F R U I L O  AND/OR REPAIR  
AT THE VENDOR F A C I L I T V .  
52-83700-719 
COMPONENT C O N l P l N S  -0- 
S / C  11 - 12 COUCERNEO PER SEDR K506 .  R I N G  V l T O N  -A-  MbTER14L. 
DISCONNECT INLET .  OUTLET, 
A N 0  BY-PASS F I T T I N G .  
REMOVE VALVE. 
MAINTENANCE SUMMARY 




0 1 - 0 6 1  
0 1 - 0 6 2  





R E O U l P F S  H I N M I N G  
COMPATIRLF W I T H  LOX 
C L E I N E D  COMPONENTS. 
RFF. P S  ~ 5 0 5  
9FQUIPES HPNDL IN<, 
C n r P I I I R L F  WITH i n r  
CL € I N F O  Cll*PflNFNl$. 
REF. P $  2 0 5 0 5  
P F O U l P F S  MANDL INC  
T O M P b l l R I  F  W I l U  L ' I K  
C L F A N f n  C O r P n N f N I F .  
RFC. P $  7 O S P 5  




CONFlDFNCE TEST PRIOR TO 
I N S T A L L A T I O N  I F  OVER 1 8  
MONTHS S INCE LAST  P l A  
TEST.  
REPLACE SEAL 3 YRS. 
FROM CURE. 
RETURN TO VENOOR I N 0  RE- 
PLACE S I L l C O N F  RURBFR 
-0- R l N G  ANO P A C l l N G  5 
YRS. FROM DATE OF MFG. 
P I &  TEST A F l F I  SFAL 
CHANGE. 
CONFIDENCE TEST PRIOR 10 
I N S I I L L A T I O N  I F  O V E l  l a  
MONTHS S INCE LAST  P l b  
TEST. 
P I 4  TEST AND l F T U R N  Tn 
STORdCE. 
R F - P I b  TEST P R l C R  TO 
I N S T b L L A T I O N  I F  nVER L R  
H n N l H S  SlNCF L L S I  PIA. 
RETURN fO V E N D n l  4ND 
REPLACE V l T O h  -A- 
-F- R l N G  5 I R S .  FROM 
DATE OF MFG. 
P I A  TEST AND RETURN TO 
STORIGF. 
INSTALLED 




3 6  
10 
1 0  
60  
3 0 





3 8 0  
SEOR 
3 8 0  
SFOR 
3 R O  
REF. 
DOC.  
D .  GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
The f o l l o w i n g  a r e  e x c e r p t s  from Grumman A i r c r a f t  Eng ineer -  
i n g  C o r p o r a t i o n ' s  AAP/LM-A Time/Cycle S e n s i t i v e  I t ems  Summary, 
No. ARP255-015, d a t e d  10 September 1968; AAP Data Development 
Form - F l i g h t  Hardware L i m i t e d  O p e r a t i n g  L i f e  Equipment; LM 
R e l i a b i l i t y  S h e l f  L i f e  Log by Equipment N o . / S e r i a l  No., d a t e d  
3-11-69; and LM R e l i a b i l i t y  S h e l f  L i f e  Program Storage/Non-  
O p e r a t i o n a l  R e s t r i c t i o n s ,  d a t e d  March 1969. 
1 .o SCOPE: 
'- . . 
' .  .s 
. . 
This sunun&ry:of the  time/cycle sensi t ive  l t e~ns"~$o be uied on. the 
AAP/LM-A vehicle has been prepared i n  response t o  Qata Requirement 
Description (DRD) TM-020, i n  accordance with Modification 9 t o  ' .  
Contract NAS 9-6608. 
- .  
'Those equi,pments tentat ively iden t i f ied  as  candidates for  the 
AAP/LM-A Limited f i f e  L i s t  and the AAP/LM-A shelf  Life L i s t  are  
shown i n  ~ a b l k s  I and 11, respectively.  
The extensive checkout requirements programmed for  the LM-A 
a t  Bethpage and KSC demonstrate a need t o  ident i@, monitor and 
control  the  use of time/cycle sensi t ive  equipments. As a r e su l t  of 
these requirements, equipment t ha t  w i l l  operate for  a few hours or  
actuate only a few times during the mission can conceivably accmu- 
l a t e  hundreds of hours or  cycles of t e s t  operation pr ior  t o  vehicle 
launch, thus jeopardizing mission success or crew safety  because 
of the premature and possible unnecessary wearout of the item during 
the AAP/LM-A mission. 
The AAP/LM-A Limited Life/$helf Life Limited Equipment Program 
forms the bas i s  f o r  ident i fying,  tracking and maintaining records of 
elapsed time/cycle sensi t ive  en t r i e s ,  t o  assure-replacement or  
refurbishment of those equipments t h a t  might be expected towear -out  
or  deter iorate  with age o r  use. The ground rules and c r i t e r i a  i n  
use on t h i s  program are  iden t ica l  t o  those established for  the Apollo 
LM program i n  e f fec t  on 21 August 1968, i n  accordance with paragraph 
, . 
3.5 of the  AAP/LM-A Rel iab i l i ty  Plan (APL255-1) . 
I n  view of the  open-ended nature of the AAP/LM-A mission, ' the  
current l i s t  of NASA approved Apollo LM limited l i f e  equipments-will 
be expanded t o  include equipments t ha t  were or iginal ly  considered for  
- e n t r y  i n  the Apollo LM limited l i f e  l i s t .  These equipments w i l l  be 
considered as candidate en t r ies  only, subject  t o  fur ther  analysis 
and review by the cognizant engineers. 
This document w i l l  be revised as required by additions and/or 
deletions i n  the AAP/LM-A Hardware Configuration L i s t  , applicable 
milestones, cycle def in i t ions ,  equipment design changes or  operating 
r e s t r i c t i ons .  
2 .O PROCRAM DEFINITION 
2 . 1  Def in i t ion  of Terms 
2 .1 .1  Equipment I d e n t i f i c a t i o n  
For purposes of t h i s  r epor t ,  the  term equipment i s  considered 
synonymous with the  terms: piece p a r t ,  i tem, p a r t ,  component, 
hardware o r  assembly. 
2.1.2 Limited T,ife Equipment 
L i m i t e d  l i f e  equipment i s  defined as  a vehic le  item where 
one o r  more of the  following apply: 
a .  The estimated pre-launch and mission usage i s  close 
enough t o  the  estimated operat ing l i f e  t h a t  time and/or 
cycle usage h i s t o r y  m u s t  be known t o  assure t h a t  an 
adequate mission l i f e  remains a f t e r  t h e  l a s t  KSC 
funct ional  t e s t .  
b .  A scheduled c a l i b r a t i o n ,  ad.justment, o r  replacement i s  
required pe r iod ica l ly  and usage h i s to ry  must be maintained 
t o  allow scheduling or  such ac t ion during pre-launch 
operat ions.  
c .  Analysis of  development and t e s t  da ta  j u s t i f i e s  maintaining 
time and/or cycle usage h i s t o r y  during pre-launch opera- 
t i o n s .  
d. A l l  p ropel lent  tanks and high pressure vesse l s .  
2.1.3 Limited Shelf  Li fe  Equipment 
Limited shel f  l i f e  equipment i s  defined as an Ltem which i s  
sub jec t  t o  degradation of performance beyond acceptable limits due 
t o  aging wi th in  a speci f ied  period a f t e r  i t s  da te  of manufacture. 
2.1.4 Shelf Li fe  Limit 
Shelf l i f e  limit i s  defined as  the  maxima calendar time which 
an equipment can accrue without r i s k  of degradation of performance 
beyond acceptable l i m i t s .  
2.1.5 Operating Time - 
Operating time i s  defined as  t h e  cumulative time measured i n  
hours, minutes o r  seconds t h a t  an equipment has been used function- 
a l l y  i n  a standby o r  opera t ional  mode. 
2 .O FiZCrtRhM DEFINITION ( continued) 
2.1.6 Cycle 
The cycle i s  defined uniquely for  each item and approved by 
Engineering. A cycle generally implies act ivat ion and return t o  
the i n i t i a l  s t a t e .  Exceptions are the  def ini t ions  applied t o  
pressure vessels and cabin inner window panels for  determining cycle 
occurrence, as discussed i n  paragraph 4.0 and subparagraph thereof .  
2.2 FSTABLISKING OPERATING AND MILEr,TONIT LIMIT:; 
Following the iden t i f ica t ion  of timeicycle sensi t ive  equipments 
(Se l le rs  Maintainability Analysis!, preliminary operating and 
milestone l imi t s  are  established by G r m a n .  These l imi t s  are based 
- upon an Engineering andRe l i ab i l i t y  evaluation of the t ime constrain- 
ing  charac te r i s t ics  of an item, an appraisal  of i t s  anticipated 
usage during a l l  ground t e s t  phases and an analysis of mission 
requirements. Operating and milestone l imits  t ha t  are  allocated t o  
each phase of equipment operation ( i . e . ,  Zel ler ,  Bethpage and K?C 
f a c i l i t i e s ) ,  assures t h a t  hardware w i l l  not have entered i t s  wearout 
zone pr ior  t o  mission completion. This al locat ion of time/cycles 
a l so  serves t o  prevent indiscriminate and unnecessary cycling of 
an equipment (e .g . ,  RCf, valves) which could r e su l t  i n  premature 
q t r y  i n t o  the wearout zone. The specif ic  causes of an item's 
l imited l i f e  charac te r i s t ics  are  periodically snalyzed and recommen- 
dations t o  eliminate o r  moderate them are submitted t o  the comizant 
LM-A orgk iza t iona l  element. Design changes, t e s t  experience and 
h i s to r i ca l  data are continually reviewed and revisions t o  operating 
and milestone l imi t s  are prepared, where applicable. Equipment 
l i s t s  w i l l  be submitted t o  NASA f o r  approval. The limited l i f e  
entr ies  which are provided i n  Section 4.0 r e f l ec t  the milestone 
l imi t s  established fo r  the  Apollo LM program and mission. These 
items, prefixed, with a double a s t e r i sk ,  a r e  those for  which the 
, milestones previously established a r e  not compatible with the 
present AA?!LM-A mission considerations. Therefore addi t ional  
evaluqtions as ref lected i n  the AAP/LM-A Equipment nu i t ab i l i t y  
Report, ARP255-3 must be performed i n  order t o  es tab l i sh  the 
s u i t a b i l i t y  of the items and corresponding milestone l imi t s  
compatible wi.th the r e su l t s  of these evaluations and the AAP/LM-A 
2.2 EZTABLISHING OPERATING RNI) MILESTONE ~,~MI~" ,cont inued)  
mission requirements. 
2 - 3  SHELF LIFE LIMITED EQUIPMENT ?PARES LIST 
A program has been i n i t i a t e d  f o r  the  r e v e r i f i c a t i o n  of shel' 
l i f e  l i m i t e d  spares t o  insu re  t h a t  t h e  item i s  ready f o r  i s s u e .  
The prepara t ion  of a spares  l i s t  conunences with i d e n t i f i c a t i o n  of 
equipments requi r ing  refurbishment o r  in spec t ion  during i t s  term 
i n  s to rage .  This i s  accompJished by the  cognizant engineer ,  
u t i l i z i n g  the  Shelf Li fe  Data Development Form shown a s  'xhibit  i'. 
A prel iminary l i s t i n g  of she l f  l i f e  l imi t ed  equipment en4 
r e s t r i c t i o n s  i s  provided i n  nect ion 4.0. These e n t r i e s  a r e  a p p l i v ~ h ~ . .  
t o  t h e  Apollo LM mission. E n t r i e s  w i l l  he revised ,  as  requi ??c!, t.0 
r e f l e c t  equipments and r e s t r i c t i o n s  a p p l i c ~ b l e  t o  the  RAP/L:.~-A 
mission.  The l i s t  inclurles those equipmcnts which wholly o r  
p a r t i a l l y  d e t e r i o r a t e  with calendar time, and requi re  periodic 
ope ra t ion ,  alignment,  c a l i b r a t i o n  o r  t e s t i n g .  Tne l i s t  inclurles tk:e 
equipment name, number, s to rage  l i f e  r e s t r i c t i o n  and interval .  
between ac t ions  p r i o r  t o  and a f t e r  i n s t a l l a t i o n  on the veh ic l e  
R e s t r i c t i o n  e n t r i e s  i n d i c a t e  a  requi red  a c t i o n ,  e .g . ,  p a r t s  t o  be 
replaced,  scrap ,  t e s t ,  e t c . ,  and the  t e s t  procedure t o  be follo.,~c.i 
i n  case  of r e t e s t .  
2 .4 O F I E R A T I ~  TIME/CYCLE LOGS 
Operating l a g s  developed f o r  the  Apollo.LM l imi ted  lift: and 
s h e l f  l i f e  l imi t ed  program w i l l  b e  u t i l i z e d .  Logs w i l l  be r.aintainod 
by ' Inspection. on a c u r r e n t  b a s i s  from completion o f  equiprent 
manufacture throughout t h e i r  ope ra t ing  l i f e .  These records >wil.l 
remain with the  equipment and con ta in  as  a  minimum, the  p a r t  number, 
part name, s e r i a l  n m b e r ,  ope ra t ing  l i f e  l i m i t ,  emulative opqratinE 
I 
t ime/cyeles,  and i f  appl icable ,  exe rc i se  time/cycle requirements a -  
d i r e c t e d  by the  cognizant engineers ,  h i s t o r y  o r  spec ia l  s torage  
r e s t r a i n t s .  
2.5, SPECIAL PROGRAM RF.QUIREMENTS 
It i s  the  r e s p o n s i b i l i t y  of Q u a l i t y  Assurance t o  implement the 
fol lowing ac t ions  necess i t a t ed  by changes i n  the  referenced l imited 
l i f e  equipment and/or appl icable  miles  tones.  . 
a. Revise the  milestones appearing on c u r r e n t l y  used Equipment 
2.5 SPECIAL PACGRAM REQUIREMENTS 
Operating Time Logs t o  r e f l e c t  newly amended l i m i t a t i o n s ,  
e s tab l i shed  by Engineering. 
b. Enter  appl icable  "header" da ta ,  inc luding the  
appl icable  milestones,  on a l l  required LM-A 
Equipment H i s t o r i c a l  Data Sheets ,  and e f f e c t  
d i s t r i b u t i o n .  
2 -6 AAP/LM-A HARDWARE LIST - APOLLO LM EQUIMNT 
Apollo LM hardware t h a t  has been approved f o r  ent ry  i n  the  
Apollo LM Limited L i f e  Equipmxnt L i s t  and i s  u t i l i z e d  f o r  the  
AAP/LM-A, i s  nuner ica l ly  ordered on the  l i s t s  shown i n  Section b.0. 
E n t r i e s  inc lude those equipments added t o  the  Apollo LM program l i s t  
as of June 26, 1968, v i a  Apollo LM docunent, LPC550-1669, Revision I .  
A s  s p e c i f i c  i tems on the  Apollo Limited Life  Equipment L i s t  
a r e  i d e n t i f i e d  as requ i r ing  modificat ion f o r  use on the  AAP/LM-A, 
an a s t e r i s k  w i l l  be a f f i x e d  t o  t h e s e  e n t r i e s  f o r  i d e n t i f i c a t i o n .  
I d e n t i f i c a t i o n  of these  equipments i n  t h i s  manner, p r i o r  t o  the  
s p e c i f i c  issuance of f irm commitments on the  ex ten t  of proposed 
modificat ions,  w i l l  s e rve  t o  f l a g  an en t ry  f o r  f u r t h e r  ana lys i s  t o  
determine i t s  e l i g i b i l i t y  t o  remain on the  l i s t .  I t  should be noted 
t h a t  t h e r e  i s  only one ( 1 )  such i tem presen t ly  i d e n t i f i e d ,  i . e ; ,  the  
PCA . - 
2.7 AAP-LM-A HARDWARF: LIST - AWLLO LM ORIGINALLY LISTED EQ,LEP?@PR 
I n  view of t h e  open-ended nature  of t h e  LM-A mission, Apollo LM 
hardware which had o r i g i n a l l y  been considered fo r  ent ry  on the  Apollo 
Limited L i f e  L i s t  b u t  subsequently de le ted ,  w i l l  be re -eva lmted  by 
Gr7xtune.n p r i o r  t o  being re-submitted t o  NASA f o r  f u r t h e r  considera t ion.  
2 -8 AAP/LM-A WWARE LIST - NEW EQ,WPMENT 
AAP/LM-A new hardware w i l l  be  incorporated i n t o  the  AAP/LM-A 
Limited L i fe  Equipment L i s t  on the  b a s i s  o f  t h e i r  an t i c ipa ted  design 
s i m i l a r i t y  t o  Apollo LM developed hardware. It should be recognized 
t h a t  u n t i l  the  ind iv idua l  items a re  more c l e a r l y  defined,  the  
l imi ted  l i f e  values shown a r e  estimates and w i l l  be revised a s  
necessary. Ear ly  i d e n t i f i c a t i o n  w i l l  serve  t o  f l a g  a component for  
an indepth ana lys i s  t o  ( I ) ,  determine i t s  e l t g i b i l l t y  f o r  design 
improvement t o  abrogate usage l i m i t a t i o n s ,  o r  (2 ) ,  determine i t s  
eligibility t o  remain on t h e  Limited L i fe  Equipment L i s t .  
2.9 READJUSTMENT OF CYCLES/HOURS - APOLLO LM VERSE AAP/LM-A 
The present open-ended aspect of the  AAP/LM-A mission may require 
t h a t  ce r t a in  adjustments be considered i n  the operating time and 
milestone l imi t s  which a re  now specif ied i n  Section 4.0. To 
determine i f  any adjustment i s  i n  f ac t  necessary and can be t o l e r ~ t e d ,  
an analysis of the equipment's t e s t  h is tory w i l l  be performed and 
recommendations submitted t o  NASA for  review. NASA concurrence w i l l  
r e s u l t  i n  issuance of a revised l i s t .  I n  performing an analysis,  
the  following will a lso  be considered: 
a .  A l l  improvements i n  the learning curve which have been 
made on preceding LM vehicles t h a t  have resulted i n  anticipate* 
reduction i n  t e s t  time o r  cycles.  
b .  A l l  improvements i n  in tegra t ing  requ5red t e s t s  which 
have materially lowered the period of time an equipment i s  
energized or cycled. 
2.10 SURVEILLANCE OF APOLLO LM CHANGES 
An in te rna l  Grumman agreement has been made t o  assure t h a t  a l l  
changes i n  the Apollo LM l imited l i f e  and shelf  l i f e  l imited program 
a re  brought t o  the a t ten t ion  of the AAP/LM-A program. Analyses, 
recommendations and the ra t ionale  for  accepting, modifying o r  
re jec t ing  Apollo LM changes w i l l  be submitted t o  NASA for  f i n a l  
- 
disposi t ion.  
2.11 IDEPPPIFICATION OF TEST OPERATIONS -AND PROCEDURES 
A sumnary of the  t e s t  operations involving the use of limited 
l i f e  and shelf  l i f e  l imlted equipment i s  presented below. Succeed- 
- 
ing paragraphs indicate  where a t e s t  i s  performed, i den t i f i e s  the 
. forms required for  limited l i f e  data en t r i e s  and the agency 
responsible for  maintaining the forms. 
2.11.1 ACCEPTANCE TEST 
This t e s t  i s  performed a t  the  s e l l e r ' s  f a c i l i t y .  A notation 
of the  hours of operation and/or cycles expended by the s e l l e r  
a f t e r  equipment assembly i s  entered on Form ~ 6 3 1  (suppliers Qual i ty  
Surveillance ~ e p o r t ) ,  Form G1265 (operating Time ~ o g )  and Form ~ 5 0 3 -  
(LM Equipment I I is tor ical  ~ a t a )  . Sample formats are shown as 
Exhibits A, B AND C respectively.  
A A P / ~ - A  LIMITED LIFE EQUIPMENT LIST 
TABLE I 
.PART' ! PAHP j OPERATING I . .. MILESTONE LIi.UTS I 
NUMBER NAME I TIME 1- KT . i GAEC 
n ? UMIT START OF ' SKTPMENT OF RECEIPT OF C O m c o w N  VEHICLE EQUIPEEI'iT 
Inner Window Panel, 
5.8 PSID/ 40 20 - 
LDW280- 11030 40 CYCLES 
Left Forward 7.7 PSID/ 4.1. - 8 6 8 CYCUS - 
5.8 PSID/ 
. . 40 20 - 
LDW280- 11030 Inner Window Panel, 40 CYCLeS 7.7 PSID/ 4 . 1  - Right Forward 8 6 8 CYCLES - 
5.8 PSID/ LO 20 - 
LDW2803.0283 Inner window Panel, 40 CYCLES 
Upper Docking 7.7 PSID/H 4.1 . 8 6 - 
L 1 LU.2 
LSC300- 110 Gyro, Rate 2000.Hours 1500 1100 400 - 
LSC300-370 Sensor Assembly, AB/GB LOO0 Hours 700 500 170 - 
- 




LSC300-710 Coupler, program 1000 Hours 700 500 300 
LSC310- 301 Tank, Helium MO Cycles 75 50 25 4.13- 
- 
LSC310- 403 Valve, Soleeoid, 1000 Cycles 750 300 - b.2 - 
Propulsion z .. 
LSC310- 405 Tank, Propulsion, 100$ Cycles 75) - 3 S  2 5 '4.3 - - 
Pos i t ive  Expulsion 
- 
LSC310-405 Bladder, Propulsion, 6 ~ y c l e s  6 3 4.3 , - 1 -
Pos i t ive  Expulsion - 
** - 
ISC330-191 . Recirculation Assembly, 300 H~~~~ 100 
Cabin A i r  
Kotes - Effective S t a r t  
:I.: AA?/LM-A - , 
1. S e l l e r  Acceptance  ate) EQUIPMENT SHELF LIFE RESTRICTION DATA 
2. Last GAEC Test (Date) 
3. Includes Se l le r  Testing (Hr. /~ycles) ,  
Accumulated To Date TABLE I1 
-- STORAGE / NON - OPERATIONAL INSTALIED / OPERATIONAL PART 
N(JMBER i PART NAME RFSTRICTION 'IATERV~L s x m  (WE RESTRICTION ~ X C L R W ~  ~ 1 ~ 9 ' :  
-1 
LSC Abort S e n s ~ r  Assy. PIT t e s t  per ~ ~ ~ 3 7 5 - 3 0 0 2 /  ' 30 ' 2 Check performance per LLR 60 2 '  , 
,300-370 3003. Retukn t o  stock i f  days 370-82 pr ior  t o  expira- days 
acceptable. t i on  LO qe!?e~F?f.%iacce~ R e v g  a le. 
PAT t e s t  a t  vendor per TPL 1800 1 
2065.4C. Return t o  stock days 
i f  acceptable. 
ISC Data en t ry  & display PIT t e s t  per ~ ~ ~ 3 7 5 - 3 0 0 2 /  180 2 I 
300-390 assy. (DEDA) 3003. Return t o  stock i f  days 
acceptable. 
Replace "0" r ing  seal .  1800 1 
PAT t e s t  per T52-38 days 
. LDW n r u s t  Translation Operational check per 720 2 
300-28800 Controller LFC 902-46001 days 
Overhaul & replace boot, 1800 1 Overhaul & replace boot, 1800 1 
LDW 300-11812-21. PAT t e s t  days LDIJ 300-11812-21. PAT days 
per LFC 902430013. t e s t  per LPC 9024300LE. 
GRUMMAN AIRCRAFT ENGINEERING CORPOIU\TTON - ENGINEERING DEPARTMENT 
AAP DATA DEVEMPMENT F'ORM - FLIGHT IhRNIDWARE 
LIMITED OPERATING LIFE EQUIPMENT 
Sub-system and S e c t i o n  S e l l e r  P a r t  No. 
I.r 
P a r t  Name Grurnman P a r t  No. 
Miss ion Requirements  ( h o u r s / c y c l e s ,  e t c ) :  
S p e c i f i c a t i o n  Design L i f e :  
A t  r e c e l p t  f rom sel ler  
A t  shipment f rom Grumman 
A t  s t a r t  o f  countdown 
Maximum o p e r a t i n g  l i fe  ( ~ n g ' g  E s t )  
R s t i o n a k ( ~ a ~  i n c l u d e  b u t  is n o t  l i m i t e d  to: Apol lo  LM s u c c e s s  h ' . s t o r y  
Design improvements and /o r  d e l e t i o n  o f  tes t  r e q u i r e m e n t s )  
S p e c i a l  I n s t r u c t i o n s  f o r  handling:  
Cognizant Engineer  P l a n t  N o E x t e n s i o n  
R e l i a b i l i t y  Eng ineer  P l a n t  N o .  E x t c n s i o n  
MSFC Concurrence 
Author i ty :  Telephone 
D i s t r i b u t i o n :  Cognizant  Eng ineer  / ~ e l i a b i l i t y / ~ u a l i t ~  ~ s s u r a n c e / ~ a t a  Management 
1-S-760 
L M  H E L I A U l L l T Y  
2 . 3 ~ L l J . L o . 9  
PAGE 06 
-- - S . % L F - L I F E - L O G  BY E O U f P  N U / S E R I A L  NO . . ~ i...~ 
RUN 0 7 6  . .--. .R E P L  NEXT A C T I V E  N E X T  . M A I N 1  N E X T  DVER- N E X T  N E X T  
-. - ~ . . .  INTVAL . SCHD INTVAL S C ~ D  INTVL SCHO . HAUL SCHO _. ~ E X T  SCHD . , W  7
GAEC VENDOR C L  M A I N T  START H E P L  START A C T I V E  S T A R T  M A I N T  I N T V A L  DVER- SCUD n l l h ~  w 
E . ~ U ! I ? " ~ ~ > T - N _ P ~ . S E R . N D  5 E U ~ N O . C D V E . H L O C  I N T  D A T E  D A T E  D A T E  D A T E  D A T E  T A S K .  START H A U L .  R E P L  T ~ S X  S E a i c .  
-.--- L S C i 7 6 - 7 " 1 . - 3 _  ~ . G 8 7 8 1 5 4  N G  G__ l a o o ~  ~ . ~~~. 
~ S i ~ 7 b - 7 ~ 1 - 3  6 8 1 2 1 7  7 3 1 2 1 7  ~ - - ... . ~- .~ .. 6 8 7 8 1 5 5  N .  G  
2 1 0 C 8  
l e u 0  6 R 1 2 C 4  7 2 1 2 0 4  
- LSC27Ci-7.9 1.-3-- -~ 75341 l o .  !d G..2~ leoO. . - .~ ~ . . 
2 1 0 C 7  
L S L 2 7 r - 7 C i 1 - 3  , . . . 6 6 0 4 0 6  7 1 0 4 0 6  7 5 3 4 1  1 1  N  G 
0 0 2  1 5  
1 8 0 0  6 6 0 2 1 6  7 1 0 3 1 6  
~.~ LjC '7U-?O. I - -3_  75341 12.N G l e 0 0  . . .. . . . 00316 6 6 0 3 1 5  7 1 0 3 1 5  
L S C Z 7 0 - 7 C i 1 - 3  7 5 3 4 1  1 3  N  1  UOO 0 0 3 1 7  G  6 6 0 4 0 6  7 1 0 4 0 6  
L S ~ c 7 ~ - 7 ( 1 1 - 3 - . -  1 0 0 0  0 0 3 1 8  
-- - 7534114.N.__G-.~-. ~ 
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